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Overview 


The Southern Ocean ts the center of the ocean's circulation system. It connects 
the waters in all three ocean basins. Because of this linkage, events in the Southern 
Ocean can have pronounced effects on North American climate even though 
the Southern Ocean is far from our shores. For these reasons it is important 
that ocean scientists understand the circulation of the Southern Ocean. 

With the Eltanm circumpolar survey nearly completed, the International 
Southern Ocean Studies was initiated by the Foundation in 1974 as part of the 
International Decade of Ocean Exploration with the goal of furthering our 
understanding of the circulation of the Southern Ocean. Field experiments are 
now scheduled to be completed in September 1980. This project summary con- 
tains a complete description of the project activities. 

Our understanding of Southern Ocean circulation has been advanced because 
of results from the International Southern Ocean Studies. Modern instrumen- 
tation and experimental methods used during the program have improved data 
quality and instrumentation recovery rate and a new generation of oceanogra- 
phers are now involved in Southern Ocean problems. Initial scientific reports 
(which are also summarized in this document) indicate several important results: 
resolution of the volume transport through Drake Passage, idenufication of the 
banded structure of flow in Drake Passage, identification of eddies and intrusions 
as Important mixing mechanisms tn near-surface waters, and the importance of 
lateral mixing in the formation of waters at intermediate depths. Additional 
results will appear in scientific journais during the next few years. 

These studies have made another step in understanding the role of the ocean 
in our life. They form a solid foundation on which to base future scientific 
studies. 

M. Grant Gross Edward P. Todd 
International Decade of Division of Polar Programs 
Ocean Exploration 


Preface 


This document is meant to summarize the scientific problems, progress to date 
and proposed direction for the program enutled “International Southern Ocean 
Studies (ISOS)”. In preparing the present document, information was taken 
from various documents, publications and proposals prepared by ISOS principal 
investigators, and the assistance of these investigators is gratefully acknowledged. 
This document is by no means meant to give all of the scentific results that have 
been a result of ISOS experiments, but instead gives a brief description of the 
work encompassed by the ISOS program. Additional information concerning 
specific topics may be obtained from the various principal investigators or 
through the ISOS Administrative Office, Department of Oceanography, Texas 
A&M University, College Station, Texas 77843, U.S.A. 

John M. Morrison, 
(Scienufic Officer for the 
ISOS Executive Committee) 
D. ]. Baker, Jr. 
A. L. Gordon 
M. S. McCartney 
W. D. Nowlin, Jr. 
R. D. Pillsbury 
B. A. Warren 
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1. Introduction 


This report is dedicated to the scientists who have 
an interest in the physical oceanography of the South- 
ern Ocean. It summarizes the results of the long-term 
physical oceanographic program in this region, named 
ISOS (International Southern Ocean Studies). In- 
cluded are brief descriptions of the various ISOS field 
experiments, summaries of the work being done in 
the areas of theoretical modeling and historical data 
review and a list of all the pertinent scientific publi- 
cations that have thus far resulted from iSOS. 

Interest in the Southern Ocean has increased in the 
United States since the mulu-disciplinary arcumpolar 
survey on board the USNS Eltanin began in 1962. This 
survey was set up to provide the baseline physics, bi- 
ology, chemistry, geology and geophysics of the 
Southern Ocean upon which all future work would 
be built. The Southern Ocean has unique features 
that make it of particular interest to the scientific com- 
munity and of importance to mankind. For example, 
the divergent wind drift and intense temperature and 
salinity attenuations of the surface waters around 
Antarctica, caused by large-scale air-sea interaction, 
set up a meridional circulation pattern that carries 
great quantities of heat, salt and water from the north- 
ern abyssal waters into the Southern Ocean. This 
water upwells and is altered to cold antarctic water 
masses, which subsequently spread northward. The 
sea-air exchanges of heat, salt and momentum and 
the exchange of properties between water masses in 
this region are as vigorous as they are poorly under- 
stood. Of special global interest ts the exchange of 
material across the sea-air interface, which couples the 
ocean with the atmosphere. The Antarctic ts of par- 
ticular significance because, through these waters, the 
abyssal waters of the world can interact directly with 
the atmosphere. 


Areas of interaction between definable bodies of 


water whose boundaries are marked by relatively large 
gradients of temperature and/or salinity are funda- 
mental; primary among these are frontal zones, con- 
tinental margins and the main pycnocline. Of particular 
interest to the ISOS program have been studies of the 
formation of Antarctic Bottom Water and Antarctic 
Intermediate Water. Antarctic Bottom Water is the 
cold, dense water found deep within the Southern 
Ocean. It is thought to form in the near-surface waters 
along the continental margins of Antarctica. Since it 
is denser than the surface and intermediate waters, 
it sinks and spreads as a layer along the bottom of the 
Antarctic basins and northward into the major ocean 
basins. Antarctic Intermediate Water is formed within 
the Polar Frontal Zone between 45° and 55°S. (This 


will be discussed in detail later in this report.) Its char- 
acteristic indicators are a salinity minimum (relative 
to waters above and below it) and a relative oxygen 
maximum. From its place of origin, it sinks and 
spreads northward to approximately 900 m depth into 
the major ocean basins. It exists as an identifiable water 
type as far north as 25°N in the North Adantic. 

In 1972, the Office of Polar Programs of the U.S. 
National Science Foundation requested the committee 
on Polar Research of the National Academy of Science 
to prepare a ten-year plan for future work in physical 
oceanography in the Antarctic. An ad hoc group pro- 
duced the report “Southern Ocean Dynamics: A Strat- 
egy for Scientific Exploration, 1973-1983". (This 
report is available from the Polar Research Board, 
2101 Constitution Avenue, Washington, D.C. 20418, 
U.S.A.). 

In 1973, a group of physical oceanographers, using 
this report as a base, prepared a proposal for a long- 
term research program in physical oceanography of 
the Southern Ocean. This program, International 
Southern Ocean Studies (ISOS), was officially ap- 
proved in 1974 and has received its U.S. support from 
the Office for the International Decade of Ocean Ex- 
ploration of the National Science Foundation. The 
U.S. contingent of ISOS investigators have come from 
the Lamont-Doherty Geological Observatory of Co- 
lumbia University, Nova University, Oregon State 
University, Pacific Marine Environmental Laborato- 
ries of the National Oceanic and Atmospheric Admin- 
istration, Texas A&M University, the University of 
Southern California, the University of Washington 
and the Woods Hole Oceanographic Institution. Since 
its conception, the program has expanded into a truly 
international one with cooperation between scientists 
from Argentina, Australia, Canada, Chile, Denmark, 
England, France, Japan, Norway, South Africa, USSR 
and West Germany. Financial support, including ship 
time, has been derived from a number of these 
countries. 

The program of International Southern Ocean 
Studies (ISOS) is an attempt to improve our under- 
standing of the circulation in this region. It has been 
designed to draw on current technology and to be 
carried out in the time frame of the Global Atmos- 
pheric Research Program (GARP) and the First GARP 
Global Experiment (FGGE). The ISOS is recognized 
as a component of the International Decade of Ocean 
Exploration (IDOE) by the Intergovernmental Ocean- 
ographic Commission of UNESCO. In the context of 
the IDOE, ISOS is a regional and process-oriented 
study whose design draws on the results of other such 


studies in other regions without attempting to repeat 
them. 


The objectives of ISOS are: 


1. To identify the statistical properties and space- 
uume scales of variability in selected regions of 
the Antarctic Circumpolar Current system: 


2. To develop and subject to critical test theories 
of dynamical balance, mixing, and exchange with 
other oceans; and 


3. To develop a basis for understanding the role 
of the large-scale circulation and air-sea inter- 
action in the Southern Ocean in global climate 
dynamics. 


The objectives are being met through a sequence 
of monitoring and dynamics experiments in the Drake 
Passage and New Zealand sectors of the Antarctic 
Circumpolar Current system, long-term monitoring 
of certain large-scale properties, analysis of existing 
data sets, and numerical, analytical, and laboratory 
modeling. 

The scientific direction of ISOS is determined by 
a Saenufic Council consisting of the principal inves- 
tigators of the ISOS projects within the U.S., repre- 
sentatives of the various foreign institutions involved 
in LSOS and other scientists interested in the program. 
This Scientific Council meets annually within the U.S. 
for a period of about one week. During that meeting, 
results of the previous year's activities are presented 
and discussed, long-range plans are formulated and 
specific field activities for the coming year are coor- 
dinated. The ongoing direction of ISOS has been 
vested in a smailer Executive Committee consisting 
of D. J. Baker, Jr. of the University of Washington, 
A. L. Gordon of Lamort-Doherty Geological Observ- 
atory, M.S. McCartney of the Woods Hole Oceano- 
graphic Institution, W. D. Nowlin, Jr. of Texas A&M 


University, R. D. Pillsbury of Oregon State University 
and B. A. Warren of the Woods Hole Oceanographi 
Institution. In practice, the day-to-day coordination 
and administrative activities are carried out by the 
ISOS Scaientific Officer, J. M. Morrison, at Texas ARM 
University under the direction of the co-chairmen of 
the Executive Committee, Baker and Nowlin. The 
internauonal coordination and liaison was spear- 
headed by the ISOS International Coordinator, V. T. 
Neal, of Oregon State University until the spring of 
1979. This function is now being carried out by the 
ISOS administrative office at Texas A&M University. 

The past, ongoing and planned activities which 
comprise the ISOS program are summarized in this 
document. Included are brief descriptions of the ISOS 
held experiments and theoretical activities. Following 
ISOS objective (1), the ISOS field work has been es- 
sentially limited to the Drake Passage region and the 
region south of New Zealand. Figure | is a chart sum- 
marizing the geographical and ume distribution of 
the ISOS field experiments. To date, the ISOS the- 
oretical activities have been quite moderate. It is hoped 
that with the end of the field activities, more interest 
will be generated in the interpretation of the data 
collected and application of the various ideas gener- 
ated to models of the Southern Ocean. Present plans 
call for the termination of the [SOS field experiments 
during 1980 and to devote one or two years to the 
analysis, interpretation and publication of results. 
During 1980 or 1981, there are tentative plans to hold 
a special Chapman Conference of the American Geo- 
physical Union on Southern Ocean Dynamics. It is 
hoped that this meeting will stimulate the interest of 
both experimentalists and theoreticians in working 
with the data and ideas generated by the ISOS field 
work. It seems likely that the results of this conference 
will form the scientific basis for the planning of a 
subsequent program to continue the study of physical 
oceanography of the Southern Oceans during the 
1980's. 
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ISOS FIELD EXPERIMENTS 


Figure 1. ISOS Field Experiments 


3 


2. Field Experiments 


The purpose of the ISOS program has been to im- 
prove our understanding of the Antarcuc Circum- 
polar Current (ACC) by: 1) identifying the space and 
time scales of variability of the ACC and ts staustical 
properties in selected regions; 2) developing and test- 
ing theories of dynamical balance; 3) developing a 
basis for understanding the role of the large-scale 
circulation and au-sea interaction in the Southern 
Ocean in global climate dynamics: 4) developing an 
understanding of Polar Frontal Zor. .‘\; amics and 
their relationship to the ACC; an. 5, wing our 
understanding of the methods || watcr mass for- 
mation, mixing and exchanges \ thor oceans. 

In order to achieve these goals juence of ki- 
nematical and dynamical field experiments were ini- 
tiated. These include a program of long-term 
monitoring of the ACC in the Drake Passage region, 
field studies of the Polar Frontal Zone, studies of the 
water mass renewal and circulation of the Subantarctic 
Zone and measurements of winter oceanographic con- 
ditions beneath sea ice. In addition, analyses of the 
historical data sets and laboratory and numerical mod- 
eling studies have been made. 


Long-term Studies of the ACC at 
Drake Passage 


FDRAKE. Because of the limited amount of personne! 
and equipment available to the ISOS program, it was 
decided to limit our initial studies of the Antarctic 
Circumpolar Current (ACC) to the Drake Passage 
region. The first experiment, entitled FDRAKE (First 
Dynamic Risponse and Kinematic Experiment), be- 
gan during the austral summer of 1974-75 and con- 
unued through the austral summer of 1977-78. 
FDRAKE was designed to begin a description of the 
energy-containing space and time scales of the ACC 
and its spatial relation to the Polar Frontal Zone in 
the Drake Passage and western Scotia Sea. Specific 
studies were aimed at the following aspects Of the ACC 
system: (1) to describe the energy-containing space 
and time scales in the Drake Passage in order to design 
a major kinematic and dynamic experiment for the 
ACC to be carried out during FGGE, and (2) to de- 
scribe selected property distributions within the Drake 
Passage and western Scotia Sea for the continuing 
study of mixing processes, particularly in che Polar 
Frontal Zone (PFZ), which may be involved in the 
formation of Antarctic Intermediate Water. Brief de- 
scriptions of the field work carried out in Drake Pas- 
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sage trom 1974 to 1978, as well as a summary of the 
significant results of FDRAKE follows 


FDRAKE 75. The first major ISOS field program was 
initiated during January-March 1975 in the Drake 
Passage and western Scotia Sea (Neal, 1974). Three 
ships were involved in the program: R/V Conrad and 
R/V Melville of the U.S.A. and ARA Islas Orcadas ot 
Argentina (locations of stations occupied by each ves- 
sel are shown in Figure 2) 


Chief scientist Dr. Kilho Park and other scientists 
trom the University of Washington, Texas A&M 
University, Instituto Antartico Argentino, Oregon 
State University and Universidad Catolica de Valpa- 
raiso (Chile) were at sea from 10 January to 3 March 
on board ARA Islas Orcadas studying the physical and 
chemical properties of the region (Wearn and Park, 
1975). Measurements were made of the thermohaline 
and nutrient distributions across Drake Pacsage and 
in the western Scotia Sea. A total of 85 STD (salinity, 
temperature/depth) profiles and 34 hydrographic sta- 
tions were completed. Water samples were processed 
aboard ship to obtain salinity, oxygen, phosphate, sil- 
icate and nitrate concentrations. About one-half of 
the profiles were made to within a few meters of the 
bottom; the rest extended to approximately 1200 
meters. Temperature profiles were made between sta- 
tions using expendable bathythermographs (XBTs). 


Chief scientist Dr. A. L. Gordon (Lamont-Doherty 
Geological Observatory, Columbia University) and 
other scientists from Lamoni-Doherty Geological Ob- 
servatory and the Instituto Antartico Argentino 
worked on board R/V Conrad trom 2 February to 12 
March (A. Gordon, 1975). A total of 59 STD stations 
were occupied. Water sampling bottles were used to 
obtain data on the distribution of oxygen, silicate, 
phosphate, carbon dioxide, tritium, copper and iron. 
XBTs were used to obtain temperature profiles be- 
tween stations. The sampling was planned to delineate 
the thermohaline structure of the Polar Frontal Zone 
and the Antarctic Circumpolar Current. Conrad and 
Islas Orcadas rendezvoused near 57°S, 55°W (see 
Fig. 2), where STD and XBT profiles were made every 
16 km along north-south sections in order to study 
the three dimensional thermal structure of the Polar 
Front. Conrad also made stations in the eastern Brans- 
field Strait and within the Weddell-Scotia Confluence 
between the waters of the Weddell Sea and Scotia Sea. 


Work aboard R/V Melville was under the direction 
of Dr. W. D. Nowlin, Jr. (Texas A&M University) with 
participating scientists from Oregon State University, 
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Figure 2. Location of FDRAKE 75 stations and moorings. These stations were occupied during January- 
March 1975 using A/V Melville, ARA Islas Orcadas and R/V Conrad. 


Texas A&M University, Scripps Instituuon of Ocean- 
ography, Instituto Hidrografico de la Armada de 
Chile, and Servicio de Hidrografico Naval de Argen- 
tina (Nowlin ef al., 1975). Melville worked in the Drake 
Passage and western Scotia Sea region from 
19 February to 31 March. Five hydrographic sections 
were made across Drake Passage; one section was 
made through Bransfield Strait and one across the 
western Scotia Sea to the east of Drake Passage. 
During the Melville cruise, long-term monitoring 
of the temperature, pressure and velocity fields of the 
ACC in Drake Passage was begun. Forty-three current 
meters on 15 moorings and four internally-recording 
tide gauges were deployed in the passage (see Figure | 
for locations and Figure 3 for configurations relative 


to the observed thermal structure). Twenty-seven of 


the current meters contained temperature as well as 
current sensors. Seven of the current meter moorings 
and two tide gauges were retrieved approximately 
three weeks after deployment. The remaining eight 
current meter moorings and two tide gauges were left 
in place to obtain year-long records. All of the 24 
short-term current meters were recovered: 21 gave 
good records for the full time, | yielded a 6-day re- 
cord, | yielded a 70-hour record and 1 failed com- 
pletely. Of the 16 short-term temperature records, 14 
produced good records, but only the tide gauge near 


Cape Horn returned a complete record (Pillsbury e¢ 
al., 1976, 1977). 

The hydrographic work done on Melville in Drake 
Passage was designed to determine the density struc- 
ture and distribution of chemical properties in the 
vicinity of the current meter array. Ninety hydro- 
graphic stations were occupied, 63 of which combined 
both STD and standard sampling bottle casts. In ad- 
dition to temperature and salinity data, samples for 
oxygen, silicate, phosphate, nitrite and nitrate analysis 
were taken at discrete depths to near the bottom. 


FDRAKE 76. In 1976 two ships operated out of Punta 
Arenas, Chile as part of FDRAKE 76; AGS Yelcho of 
the Chilean Navy and R/V Thomas G. Thompson trom 
the University of Washington. The first two legs of 
the Thompson cruise were planned to obtain spatial 
and temporal data on the meso- and large-scale var- 
iability of the ACC in Drake Passage (Nowlin et al., 
1976). Station and mooring locations are shown in 
Figure 4. Leg III of Thompson was devoted to a study 
of the PFZ in conjunction with Yelcho. This study will 
be discussed in Section 2.d. 

Leg I was devoted primarily to the recovery of shal- 
low pressure gauges and current/temp rature re- 
corders placed in Drake Passage during FDRAKE 75 
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Figure 3. FDRAKE 75 current meter moorings in relation to observed temperature structure (°C). 


and to the installation of another long-term array of 


recording instruments. Of the 21 instruments, 19 were 
recovered. One tide gauge off Cape Horn and one 
current/temperature/pressure recorder were lost 
(Pillsbury et al., 1977). A new array of 11 current/ 
temperature/pressure recorders on 7 moorings was 
deployed. Five deep pressure sensors on three re- 
corders were also moored at the northern and south- 
ern ends of the passage to provide information on the 
long-term variation of flow through the region. Shal- 
low pressure recorders were again moored on the 
shelves near Cape Horn and Livingston Island. The 
configuration of the 1976 array is displayed in Figure 5. 

During Legs I and II, hydrographic and STD sta- 
tions were taken in the passage and along the east- 


west trench at the southern end of the passage. Studies 
of the water mass distributions and chemical balances 
in the area were enhanced by the collection of high 
quality chemical data. A computer-compatible Auto- 
Analyzer II was used on board to determine concen- 
trations of phosphate, nitrate, silicate and nitrite. 


Four experimental NDBO (National Data Buoy 
Office) satellite-tracked surface drifters were launched 
from Thompson. Although they were transmitting and 
being received by satellite prior to launching, all failed 
within 11 days of being launched. 


Near Livingston Island, R/V Thompson rendez- 
voused with the Soviet research vessel Professor Viese, 
which had been making current measurements and 
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Figure 4. Positions of stations occupied and moorings deployed during Legs | and Ii aboard A/V 


Thompson during FORAKE 76. 


hydrographic/STD observations to the west of Thomp- 
son activities. At rendezvous salinity, oxygen and nu- 
trient standards were exchanged and simultaneous 
hydrographic and STD measurements were made for 
intercalibration (L. Gordon et al., 1977). 


FDRAKE 77. During January and February 1977, the 
third phase of the field work in the FDRAKE was 
carried our m the Drake Passage on board the R/V 
Melville. A U.S. scientific team was led by Drs. Worth 
D. Nowlin, Jr. of Texas A&M University and R. Dale 
Pillsbury of Oregon State University and included 
scientists from the Instituto Hidrografw« de la Ar- 
mada de Chile and the Instituto Antartico Argentino 
(Whitworth, 1977). Melville sailed from Valparaiso, 
Chile on 10 January. 

Six of the seven moorings deployed during FDRAKE 
76 were recovered, but attempts to recover the moor- 
ing near 58°S, 65°W were unsuccessiul. The tide 


gauges ct each side of the passage, as well as deep 
pressure gauges which were deployed the previous 
year, were also recovered. Of the nine current meters 
recovered, seven provided more than 10 months of 
data. Two of the three pressure gauges produced rec- 
ords of one-year duration; one produced only a 5'4- 
month record. 

Most of the current meters recovered were refur- 
bished in the field for redeployment. Data tapes were 
translated and analyzed on board to check the per- 
formance of the meters and the thermistors, and com- 
passes were recalibrated. Twenty-one current meters 
were deployed on five moorings in a “cluster” array 
(Figure 6) in the central part of the passage. This array 
was designed to measure the variability of currents 
and temperature on space scales of 10 to 60 km during 
a period of approximately one year. Pressure gauges 
were also installed en cach side of the passage. In 
addition to launching a total of 109 XBTs during the 
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Figure 5. The FDRAKE 76 current meter array. Current meters were also moored at 2700 m at a 
distance of 25 km up- and downstream from mooring “A”. 


cruise, hydrographic/STD stations were occupied be- 
fore and after deployment of the new array (Figure 7). 
The density field determined from the data provides 
a base to be used in interpreting the temperature and 
velocity data obtained from the moorings. 

In December of 1977 a team of Chilean and U.S. 
scientists from the Instituto Hidrografico de la Ar- 
mada de Chile, University of Washington, Texas A&M 
University and Orego. State University concluded the 
FDRAKE using the Ciilezn naval vessel AGS Yelcho. 
All 21 of the current/temperature recorders were re- 
covered and another year-long current meter moor- 
ing was set in the center of the passage. The deep sea 


pressure recorders from either side of the passage 
were recovered; they each produced a good year-long 
record. On each side of the passage, two deep-sea 
pressure recorders were deployed on the bottom at 
500 m. 


Argentine Winter Cruise. During the 1976 austral 
winter, scientists from the Instituto Antartico Argen- 
tino directed a physical oceanography cruise aboard 
the ARA Islas Orcadas in the Drake Passage. Ice cover 
extending northward to approximately 60°S pre- 
cluded a full hydrographic section across the passage. 
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Figure 6. The FDRAKE 77 cluster of current meter moorings in the relatively flat region of central Drake 
Passage. Vertical extent of moorings is approximately 3800 m. 


North-south sections of deep hydrographic/STD ob- 
servations were made across the ice-free zone. In ad- 
dition, 1500-m stations were made in a zig-zag pattern 
to determine the transition between the Polar Frontal 
Zone and the Antarctic Surface Waters. At one station 
within the Polar Frontal Zone, STD's were taken 
hourly for 24 hours. Surface and meteorological ob- 
servations were taken at each station. Data from this 
cruise have been reduced by scientists from the In- 
stituto Antartico Argentino and Texas A&M 
University. 


Significant Results of FDRAKE. Analysis of data col- 
lected during FDRAKE field operations yielded sev- 
eral significant results which were used in the design 
of DRAKE 79. The major findings are described in 
Baker, et al. (1977) and below. 

In the Drake Passage three bands of relatively high 
speed flow separate regions of distinct water masses 
(Nowlin et al., 1977). The high speed bands of flow 
exist between: 1) Subantarctic Surface Water and the 
northern extent of the transition Polar Frontal Zone; 
2) the southern boundary of the Polar Frontal Zone 
and the Antarctic Surface Water; and 3) the Antarctic 
Surface Water and the Continental Water. These 
streams change in spatial configuration; lateral move- 
ments of as much of 100 km in two to three weeks 
have been observed. The central core has shown the 
greatest meridional movement. The flows extend be- 
low th ver depths of the different water masses 
and tically coherent to the bottom except in 
regi’ re large topographic features exist. Such 
featur: upt the vertical coherence up to several 
hundred meters above the shallowest relief. 


Hydrographic measurements in Bransfield Strait 
show different properties within the three basins in 
the Strait (Gordon and Nowlin, 1978). Apparently 
bottom water in these basins is renewed locally on time 
scales of 10 years or less. These basin waters do not 
significantly affect waters outside the Strait below sill 
depth (about 1100 m) of the basins. 

Several different estimates of the transport through 
Drake Passage were made. FDRAKE and historical 
hydrographic data gave an average geostrophic transport 
relative to 3000 m of 101 + 12 Sv. Concur: ent hydro- 
graphic and current meter measurements were com- 
bined to give an estimate of total transport. Nowlin et 
al., (1977) used the first three weeks of current meter 
data collected in 1975, when 12 deep (2700 m) current 
records were available, to estimate a total transport 
of 124 + 15 Sv. (95 Sv. of which is the geostrophic 
transport relative to 2700 m). The total transpor © 4» 
be considered as the sum of the baroclinic geostroph: 
transport relative to 2700 m, plus the barotropic tran 
port, which was estimated from the deep current mete 
records. Two such estimates were made from the pe- 
riod in 1975 when 12 deep current meter records 
were available (Fandry and Pillsbury, 1979). Using 
objective analysis techniques, weekly averaged 
through-passage speeds gave estimates of the baro- 
tropic transport of —9+ 4.5 Sv. and 27+ 4.5 Sv. From 
the six 1975 long-term (35 week) current records, 
weekly averaged data yielded 35 objectively calculated 
barotropic transports which ranged from —70+ 14Sv. 
to 150 + 14 Sv. The average of all 35 estimates was 
27 + 14 Sv. Pressure gauge data from 500 m depth 
showed that the average downstream velocity varies 
by 2.5 cm/sec during the year. Assuming that this 
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Fig. 7. Positions of the FDRAKE 77 current meter array and hydrographic/STD stations. 


velocity fluctuation is barotropic and that geostrophic 
transport remains constant, the variability in total 
transport would be 65 Sv. (Wearn and Baker, 1980a). 


Considerable meridional exchange of heat may take 
place across the Antarctic Circumpolar Current sys- 
tem and provide for the modification of the surface 
waters to form Antarctic Bottom Water or compo- 
nents of Antarctic Intermediate Water. ISOS obser- 
vations have revealed that meanders in the current 
cores can develop in closed rings (A. Gordon et ai., 
1977; Emery and Savchenko, 1977; Joyce and Pat- 
terson, 1977b). Ring formation, movement and decay 
represent a mechanism for the exchange of heat, salt 
and momentum across .the cores within the ACC 
system. 


Kinematic scale information has been obtained 
from repeated hydrographic sections and from three 
year-long current meter arrays. Fluctuations in tem- 
perature and velocity are very highly correlated ver- 
tically except near the bottom where topographic 
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effects become important. Velocity fluctuations at 
deep meters precede slightly those at mid-depth. 

In the Central Passage horizontal fluctuations in 
velocity from year-long records are significantly cor- 
related at separations up to 40 or 50 km. Temperaiure 
fluctuations have larger scales and are correlated at 
80 km. Coherence estimates confirm that high cor- 
relations are ater ay td due to low frequency fluc- 
tuations with periods longer than 10 days. 

Preliminary atialyses suggest that sporadic lateral 
movements of fronts may result in reduced correlation 
lengths when calculated from year-long records due 
to changes in propagation direction. Correlations be- 
tween Central Passage moorings over selected 30- to 
90-day periods tend to be higher than those for year- 
long records. 

The statistics from moorings across the Passage sug- 
gest that there are two or three distinct flow regimes 
within the ACC. The Northern Passage regime is char- 
acterized by highly fluctuating currents and relatively 
steady water mass properties. The current variations 


in the Central Passage are much smaller ona year-long 
basis but are pronounced during periods of large tem- 
perature change. It is thought that this may be cue 
to lateral movements of water mass boundanies (fronts). 
The Southern Passage records are less variable in both 
temperature and velocity. 

Spectra of fluctuation kinetic energy further em- 
phasize the variability of the ACC in the Northern 
Passage; there is an order of magnitude more energy 
there than in the rest of the Passage. All spectra show 
a Clear peak in the energy at 14 days—probably due 
to the lunar fortnightly ude. 

At two locations, data from 1975 and 1976 moorings 
have been combined, and the resulung spectra show 
a six-month periodicity. This period ts also apparent 
in the southern pressure gauge record and the south- 
ern hemisphere winds. A high coherence between 
surface winds and currents at 1C0O0 to 2500 m at a 
period of 5.5 days has also been found (Baker, et a/., 
1977). 

The two-year data series from the pressure gauge 
program has yielded new and interesting results. The 
diurnal and semi-diurnal tides dominate the pressure 
record, as expected. A low-passed record shows high 
energy levels in the 14-day and semi-annual periods, 
particularly in the southern record. The northern 
record shows more of an annual cycle, but it is not 
well defined. The pressure difference shows energy 
in the 80-90 day period as well as annual, with fluc- 
tuations (at 500 m) of the order of 20-30% of the 
mean (Wearn and Baker, i980a). 

The bottom temperature records show an annual 
cycle with opposite behavior on either side of the pas- 
sage: the southern record is cold in the winter, warm 
in the summer; the northern record is warm in the 
winter, cold in the summer. McCartney has suggested 
that the warm winter water at 500 m at the north ts 
Subantarctic Mode Water (SAMW) advecting in from 
the west and has proposed study of the annual cycle 
for the SAMW for 1979. 


DRAKE 79. On 20-22 March 1978 a meeting of in- 
terested scientists was held at Oregon State University 
to discuss the results of FDRAKE and develop a plan 
of actwimes for the Drake Passage region during the 
period of December 1978-March 1980. Using the 
knowledge gained during FDRAKE, the following 
goals which might be achieved during this experi- 
mental period, designated as DRAKE 79, were 
identihed: 


® Monitor transport through Drake Passage 


® Relate variability of transport to wind forcing 


0 
® Calibrate 5, (AP | 500 m] from pressure gauges 


using the cross-passage integral of through-pas- 
sage measured speed at 500 m 


® investigate shelf-deep ocean interactions at north 
and south edges of the Passage 


®@ Verification/determination of selected time and 
space scales: 


for through passage separations >60 km 


in Northern Passage where there ts rough to- 
pography & convergence of the flow 


in the Southern Passage 
of vertical coherence over rough bottom 


@ Study winter convection/modification/advection 
of Subantarctic Water into/within Drake Passage 


@ Investigate vertical variation in horizontal velocity 
as a possible source of water mass modification 
(evidenced by T-S profiles) 


@ Obtain weather and udal data from Isla Diego 
Ramirez 


® Describe changes of temperature field and loca- 
tions/characteristics of frontal zones in Drake 
Passage section 


@ Obtain and study longer current and temperature 
records from mid-passage 


® Delineate phenomena and describe their propa- 
gation/modification within array area 


@ Comparison of data from moored array with 
drifter data 


® Describe eddy-mean flow interaction using data 
from a fixed array 


® Estimate geostrophic zonal heat flux 


It was decided that the scientific objectives of 
DRAKE 79 should be limited to four general objec- 
tives: (1) to interrelate changes in thermal structure 
and currents within the Antarctic Circumpolar Cur- 
rent (ACC), its transport fluctuations, cross-stream 
pressure fluctuations and large-scale atmospheric 
forcing in the Southern Hemisphere; (2) to monitor 
the transport of the ACC through Drake Passage; (3) 
to better describe racso-scale features of the ACC; and 
(4) to refine estimates of turbulent fluxes of heat and 
salt across the ACC. Transport monitoring includes 
both measuring currents and estimating the density 
field to give both the baroclinic and barotropic com- 
ponents of the flow. Objective three includes moni- 
toring the thermal and kinematic banding of the ACC, 
and obtaining descriptions of meso-scale features in 
the temperature and velocity fields near the Polar 
Frontal Zone, as well as obtaining additional infor- 
mation on energetic time and space scales. 


The initial DRAKE 79 operation was a 27-day cruise 
of the R/V Melville beginning 11 January 1979 from 
Punta Arenas, Chile. Participants aboard this cruise, 
under the direction of Worth D. Nowlin, Jr., included 
scientists from the Instituto Hidrografico Naval de la 
Armada de Chile, Instituto Antartico Argentino, Ser- 
vicio de Hidrografia Naval de Argentina, Texas A&M 
University, Oregon State University and the Univer- 
sity of Washington. The operational objectives of this 
cruise were: to recover the moorings deployed in 
December 1977 from AGS Yelcho; to deploy the 1979 
array; and to make series of XBT and hydrographic 
stations in order to describe the thermal and density 
fields in the region of the moored array. 
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Five moorings were set from the AGS Yelcho as a 
part of FDRAKE during December of 1977 (Nowlin 
et al., 1979). Four of these moorings were recovered 
during the 1979 Melville cruise. One of the northern 
pressure gauge moorings failed to surface after the 
release was interrogated and triggered. Data recovery 
was excellent, yielding pressure records from both 
sides of the passage at 500 m depth and extending 
for a fourth year the current meter records from sev- 
eral levels near the main axis of the Antarctuc Cir- 
cumpolar Current in the Central Passage. 

The 1979 moored array was designed to provide 
data which, in combination with hydrographic obser- 
vations, will meet the scienufic objectives of DRAKE 
79 listed above. As seen in Figure 8, the array consists 
of 1) a main line of moorings extending across the 
passage from Cape Horn to Hero Bay in the South 
Shetlands and 2) a set of moorings to the west of this 
main line. The western set ts placed near the central 
axis of the Circumpolar Current and will provide data 
for statistical and descriptive studies of meso-scale fea- 


tures associated with the current. The array contains 
current meters, temperature/pressure recorders, 
thermistor chains and botiom pressure recorders. The 
distribuuon of these instruments along the main tine 
(with the exception of the bottom pressure gauges at 
100, 500 and 2500 m on both sides of the passage) 
is Shown in Figure 9. Current meters on both sides 
of the Polar Frontal Zone were equipped with a re- 
cently-redesigned conductivity cell proven to be more 
reliable than previous models. By combining these 
conducuvity data with the temperature data, estimates 
of turbulent meridional fluxes of heat and salt will be 
possible. 

Expendable bathythermograph observations made 
along the cruise track revealed the existence and 
northward migration of a clockwise rotating current 
ring. This ring, which contained a core of Antarctic 
Surface Water, had separated from the main axis of 
the Circumpolar Current and was located in the Polar 
Frontal Zone. The upper thermal structure observed 
on the first southward crossing of the passage is shown 
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Figure 9. Vertical distribution of current meters, T/P recorders and thermistor chains along main line 


of ORAKE 79 array extending from Cape Horn 


in Figure 10. Indicated are the locations of the distinct 
surface water masses which are separated by bands 
of high eastward speed (Nowlin et al., 1977). 

The second operational phase of DRAKE 79 was 
carried out aboard the AGS Yelcho of the Chilean Navy. 
Cruise participants included scientusts from the In- 
stituto Hidrografico Naval de la Armada de Chile, 
Texas A&M University and Oregon State University. 
The cruise objectives were: first, to define the thermal 


to Hero Bay in the S. Shetiand Isiands. 


and density fields during the austral fall in the region 
of the moored array of current meters, temperature/ 
pressure recorders, thermistor chains and bottom 
pressure recorders deployed from the R/V Melville; 
and second, to add through- ge pressure mea- 
suring capability to the array by deploying a shallow 
water pressure gauge to the west of existing recorders 
at Isla Diego Ramirez. 
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Figure 10. Temperature structure in upper waters as observed using XBT's along the main line during 
the cruise of the A/V Melville, 10 to 19 January 1979. indicated are locations of surface water masses 
and of a clockwise-rotating ring within the polar frontal zone. 
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Figure 11. Hydrographic station positions and location of the isia Diego Ramirez pressure gauge 
deployed during DRAKE 79 operations aboard AGS Yeicho (April/May). Also shown are the locations 


of year-long moorings from A/V Melville (January/February). 


Operations aboard the AGS Yelcho were carried out 
in two legs. The first, beginning 9 April at Punta 
Arenas, Chile, consisted of two XBT sections and 19 
hydrographic stations between Cape Horn and the 
South Shetland Islands along the main line of moored 
instruments (Figure 9). The current ring observed 
during the R/V Melville cruise did not appear in either 
of these XBT sections. During the ros a shallow 
water pressure gauge was deployed at Islas Diego 
Ramirez, and 19 hydrographic stations accompanied 
by XBT measurements were conducted in the form 
of a grid encompassing the moorings to the west of 
the main line (Figure 11). 


The third operational phase of DRAKE 79 was 
scheduled to during September-October 1979 
aboard the R/V Atlantis I]. A hydrographic survey 
similar to that of the AGS Yelcho was planned, but 
because of delays in refitting the Atlantis //, this cruise 
was cancelled. Hopefully the AGS Yelcho will make 
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late-winter XBT surveys over the DRAKE 79 array 
while resupplying Chilean Antarctic bases. 

The last operational phase of DRAKE 79 is sched- 
uled to be during January-February 1980 aboard 
the R/V Atlantss I]. A hydrographic survey similar to 
that of the Melville and Yelcho will be made, and the 
moored array will be recovered. 

During the operation period of DRAKE 79, the 
distribution of Southern Hemisphere winds will be 
obtained from the Australia Bureau of Meteorology 
and from the FGGE global wind analysis. Also, local 
winds in Drake Passage will be monitored by the Chi- 
lean Navy at a meteorological station on Isla Diego 
Ramirez in the northern Drake Passage. These wind 
data will be used to relate wind forcing to the current 
meter and pressure gauge data. 

Arrangements have also been made with the Fleet 
Weather Facilities of the U.S. Navy to obtain data on 
the distribution of sea-ice in the Southern Hemisphere 


during 1979-80. 


2.b. Interaction of Currents with Bottom 
Topography near Macquarie Ridge 


The interaction of currents with bottom topography 
is one of the major subjects of ocean current dynamics. 
The purpose of this study ts to carry out an experi- 
mental and theoretical stwady of a particular example 
of current-bottom topograpliy interaction in the hope 
of being able to isolate and to idenufy the primary 
processes occurring during such interaction. in par- 
ucular, the RIDGE (Ridge Interaction and Down- 
stream Gradient Experiment) ts an experiment being 
considered to study the physics of current-bottom to- 

phy imeraction in the Antarctic Circumpolar 
Current. Such an experiment was recommended by 
the National Academy of Sciences in the report 
“Southern Ocean Dynamics—A Strategy for Scientific 
Exploration 1973-1983.” 


Consideration of plans for this experiment, as a part 
of ISOS, involved individuals from: the New Zealand 
Oceanographic Institute, Woods Hole Oceanographic 
Institution, Oregon State University, the University 
of Washington, the Pacific Marine Environmental 
Laboratory/ NOAA and Texas A&M University. From 
their discussions the RIDGE Pilot Expenment evolved. 
A brief description of this experiment follows. 


The cruise southeast of New Zealand by the R/V 
Tangaroa trom 4-24 April 1978 marked the start of 
concentrated studies designed to investigate the Mac- 
quarie ridge/Campbell Plateau region south of New 
Zealand and the formation of Subantarctic Mode 
Water on the Campbell Plateau. The purpose of this 
initial experiment was to study the spatial and tem- 
poral variability of low-frequency motions and their 
effects on the mean circulation and to study the late- 
winter formation of Subantarctic Mode Water 
(McCartney, 1977) which is hypothesized to be similar 
to the formation of Subtropical Mode Water south 
and east of the Gulf Stream and Kuroshio (Worthing- 
ton, 1959; Masuzawa, 1969). 


Participating in the Tangaroa cruise were Harry 
Bryden from Woods Hole Oceanographic Instutution, 
Ron Heath and Bruce Shakespeare from the New 
Zealand Oceanographic institute, Dennis Root and 
Robert Sull from Oregon State University, and David 
Spell from the Pacific Marine Environmental 
Laboratory. 


During the cruise, 6 moorings equipped with Aan- 
deraa current meters measuring temperature, pres- 
sure, current speed and direction were np aa 5 
in a cluster array near 49°30'S, 170°W on the abyssal 
plain of the south-western Pacific basin (Figure 12); 
and one at 51°10’S, 175°E on the slope of the Campbell 
Plateau. In addition, one drifting teat provided by 
Dr. George Cresswell (Commonwealth Scientific and 
Industrial Organization, Cronr::'la, Australia) was 
launched at 50°30'S, 176°40'W and was tracked by 
satellite on its journey across the Pacific. Near the 
cluster array, 13 CTD (Conductivity/Temperature/ 
Depth) stations to 1500 m depth were made to de- 
termine the spatial scales of the density structure. A 
large-scale survey of 26 CTD stations was made to 


define the broad scale density structure and associated 
airculation southeast of New Zealand. 


The mooring on the slope of Campbell Plateau was 
equipped with 5 thermistor chains as well as 2 current 
meters to study the winter overturning of Subantarctic 
Mode Water and its relauionship to the production of 
Antarctic Intermediate Water (McCartney, 1977). 
The CTD station near this mooring revealed a 100- 
m deep mixed layer with temperature and salinity 
values similar to those of Subantarctic Mode Water. 
That such a deep mixed layer was present in early 
autumn suggests that this ts a region of active tor- 
mation of Subantarctic Mode Water and that the for- 
mation may take place throughout the year rather 
than only during late winter. 


Analysis of the CTD data showed that the cluster 
array was set in a strong frontal region where the 
dynamic height between 1000 m depth and the surface 
changed by 10 dynamic centimeters over about 15 
miles. Because the CTD data in this region revealed 
significant amounts of subtropical water intermixed 
in subantarctic water, this front was probably the 
southeastwards extension of the Subtropical Conver- 
gence as located by Ridgway (1975). Within this front 
there was a pronounced tongue of water with a salinity 
maximum at a depth of about 150 m. The presence 
of such a tongue extending southwards from the Sub- 
tropical Convergence was first observed by Deacon 
(1937) and has more recently been analyzed by Heath 
(1976). The Subantarctic Front within which the ther- 
mistor chain mooring was located passes south of the 
cluster array. 


The second operational phase of RIDGE was car- 
ried out aboard R/V Knorr from 12 November-9 
December 1978 (Figure 13). Eighteen scientists from 
seven oceanographic institutions in the United States, 
Union of Soviet Socialist Republics, New Zealand and 
Australia participated on this cruise. 


The first part of the cruise involved recovering the 
6 moorings depioyea in April 1978 from R/V Tan- 
garoo (Heath et al., 1978), deploying | site mooring 
to be recovered in early 1980, and taking a grid of 
conductivity/temperature/depth (CTD) stations about 
the moorings. All 5 moorings of the cluster array were 
recovered although the mooring line on each of moor- 
ings N and M was cut at about 1500 m depth so the 
top two current meters on each mooring were lost. 
All other current meters appear to have functioned 
normally. The CTD survey about the cluster indicated 
an eddy was present, albeit a weak one. CTD stations 
in this survey show both subtropical and subantarctic 
waters in vertical profile. This suggests that this region 
is one of active mixing of water masses. The sixth 
mooring near 51°S, 175°E was designed to study the 
seasonal evolution of surface mixed layers on Camp- 
bell Plateau, identified by McCartney (1977) as asso- 
ciated with the production of Subantarctic Mode 
Water. This mooring was recovered intact although 
the uppermost thermistor chain recorder was flooded 
(possibly due to a leak in the pressure sensor), and the 
middle thermistor chain had developed an oil leak. 
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Figure 12. Positions of current meters in RIDGE array near 49°30'S, 170°W. 


The remaining three thermistor chains and to cur- 
rent meters appear to have functioned normally. In- 
terestingly, the CTD station near this mooring, showed 
the water column to be well mixed in temperature but 
stratified in salinity. 

In order to extend the time-series of current and 
temperature data to two years, a single mooring was 
deployed at 49°24'S, 170°30'W after the cluster array 
had been recovered. Initial analysis of the data from 
the RIDGE cluster array suggest that the interacticn 
of the ACC with Macquarie Ridge generates large 
eddies which ha¥e important effects on the overall 
dynamics of the ACC. In particular, the observed ed- 
dices have large kinetic energy, transport heat pole- 
ward and transport eastward momentum northward 
away from the ACC. 
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Plans are now gb made to: (1) recover the site 
mooring at 49°24'S, 170°30'W during April 1980; (2) 
describe the eddy characteristics in the RIDGE region; 
(3) compare the observations with infinitesimal am- 
plitude att instability models; and (4) explore 
the relationship between observed eddies and pre- 
dictions of finite amplitude instability models. 


2.c. XBT Program of Upper Layer 
Monitoring 


All three of the stated ISOS objectives require mon- 
itoring the temperature and salinity structures of the 
Southern Ocean. At present, the most cost-effective 
way to monitor upper-layer temperature structure ts 
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Figure 13. Cruise track of A/V Knorr, Nowember 12-December 9. 
1978, Position marked A is the site of cluster array of moorings 
and accompanying grid of CTD stations; B is the site of *. singie 
mooring with thermistor chains; and C is the site of th polar front 
study. 


ay, yo using expendable bath- 


wt cathe. ob ty Ts). The supply vessels operating 
between various countries and Antarctica provide 


ideal platforms for this type of study. 

Sections taken during the same months by different 
ships supply upstream and downstream coverage, 
offering a unique opportunity to study the spatial 
changes in the thermal structure of the ACC and to 
compare these changes to the available satellite me- 
teorology. The repeated sections through the Drake 
Passage allow time series through part of the year for 
comparison with the current meter and meteorolog- 
ical data. The description and explanation of long- 
term changes of the summer thermal distributions 
south of Australia and New Zealand are another goal 
of the work there. 

These vesse'!s also take measurements of sea surface 
temperature and salinity. The surface temperatuce 
data are used to calibrate the XBT casts and also to 
provide reference data for high resolution satellite 
imagery to be taken in this region. The National En- 
vironmental Satellite Service to provide Very 
High Resolution Radiometry (VHRR) data south of 
Australia and New Zealand at least once each week, 
and periodically every other day, during the 
1977-1978 austral summer. Examination of existing 
VHRR imagery in the Southern Ocean indicates that 
cloudless periods do not occur very frequently during 
summer. Infrequent cloudless periods do, however, 
provide “snapshot” pictures of sea surface tempera- 
ture which may be calibrated using the sea surface 
temperature data from the supply vessels. These pic- 
tures are used to describe the horizontal distribution 
of sea surface temperature and its relation to subsur- 
face temperature structure monitored from supply 
vessels. 

During the 1976-77 austral summer, XBTs were 
taken from supply vessels at 18 n.mi. (33 km) intervals 


along one east-west and 28 north-south sections. Most 
of the ships involved were supplying Antarctic land 
stauons for Australia, Chile and the United States. 
Cruise tracks of vessels making XBT sections are 
shown in Figure 14. 

The research vessel Professor Zubov, of the Arctic 
and Antarctic Research Institute of the USSR, sailed 
on 20 January 1977 from Wellington, New Zealand, 
on a 25-day USSR-USA cooperative cruise in the 
Southern Ocean south of Australia. 

Due to prolonged severe sea conditions, much of 
the cruise was svent taking XBT casts under the di- 
rection of Dr. William Emery (University of British 
Columbia). XBT sections indicated the presence of 
an eddy at about 51°S and current meters were moo- 
red in this area. 

Data collection continued during the 1977-78 aus- 
tral summer. Arrangements were made to repeat the 
12 XBT sections taken in the previous season in the 
Drake Passage by the R/V Hero and the Chilean vessel 
AGS Yelcho. South of Australia, ihe 8 XBT sections 
taken by Nella Dan and Thalla Dan were scheduled 
to be repeated this year. In addition, the South Afnican 
vessel Rsa planned to take XBT casts on at least one 
crossing to the Antarctic south of South Africa. 

Two US. icebreakers were again scheduled to col- 
lect XBT data on three north-south crossings of the 
caircumpolar region south of New Zealand on the 
southbound leg. USCG Burton Island encountered 
three major frontal zones between New Zealand and 
the pack ice off Cape Andre. A coastal front of sub- 
tropical nature was encountcred between 42°30'S and 
45°S, tied to at phic high off Christchurch. 
Enroute to Cam Island, between 55°38'S and 
55°40’S, the northern edge of a large meander in the 
Subantarctic Front was encountered. This meander 
is thought to be caused by flow over the ni 
Aukland Rise System. A few days later USCG 
crossed a feature somewhat to the east which appeared 
similar in cross section but was a cold ridge rather 
than an eddy. A survey (incomplete due to high winds 
and seas) of the warm water beyond the meander 
indicated an extended filament of warm subantarctic 
water with a deep pool directly south of the meander. 
A cold core eddy was also found at 50°42’S. 

The principal investigator for the project was Dr. 
William Emery (University of British Columbia) who 
collaborated with Mr. Hellmuth Sievers (Instituto 
Hidrografico de la Armada, Chile), Mr. Robert Ed- 
wards (CSIRO, Australia) and Mr. Stan Jacobs (La- 
mont-Doherty Geological Observatory, USA) in the 
project. 

The ISOS XBT Program continued at a reduced 
level during 1978-79. As part of DRAKE 77, closely 

spaced XBT sections were made across Drake Passage 

in the vicinity of the current meter/pressure gauge 
array by the AGS Yelcho during supply missions to 
Chilean Antarctic bases during the austral fall and 
spring of 1978. 


In 1979, the major emphasis has been on closely 
XBT sections in support of the DRAKE 79 

array. Sections have already made during Jan- 
uary-February 1979 by the R/V Melville and during 
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Figure 14. Cruise tracks of vessels from which XBT sections were obtained during the 1976-77 austral 


summer 
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March-April 1979 by the AGS Yelcho. Additional sec- 
tions will be made by the Yelcho during the early austral 
winter and again during the austral spring of 1979 
while on supply missions to the Chilean Antarctic 
bases. 

In addition to the XBT sections in the Drake Passage 
region, emphasis was also given to the region south 
of South Africa. Dr. J. R. Luyeharms of the National 
Research Institute for Oceanology, Republic of South 
Africa, used XBTs obtained from the U.S. Navy (as 
part of FGGE) to make closely spaced sections between 
Africa and Antarctica. He has been using this data 
together with satellite infared imagery to look at struc- 
ture of the ACC in this region. 

The ISOS XBT Program will continue at about this 
same level during 1980. 


2.d. Studies of the Polar Frontal Zone 


The Polar Frontal Zone (PFZ) is the transition re- 
gion between the surface waters of Antarctic and Su- 


bantarctic types. Antarctic Surface Water is 
characterized by a single intense subsurface temper- 
ature minimum layer in the summer. The Suban- 
tarctic Surface Water decreases monotonically in 
temperature with depth and has a nearly isohaline 
layer from 100 to over 400 m depth. T he southern 
boundary of the Polar Frontal Zone is called the Polar 
Front. 

Field studies of the Polar Frontal Zone began as a 
component of the FDRAKE experiment in the Drake 
Passage region during FDRAKE 75 and FDRAKE 76. 
During 1978, these studies were continued in the area 
south of New Zealand. Descriptions of these field ac- 
tivities, as well as some of the significant results of the 
Polar Frontal Zone studies, are presenied below. 


FDRAKE 75. R/V Melville made a section of 20 closely- 
spaced (5-10 km) STD stations across the PFZ in the 
western Scotia Sea. This pilot experiment was de- 
signed to more clearly define the scales of the ther- 
mohaline stratification across the front. A temperature 
section from the Melville data is shown in Figure 15. 
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Figure 15. Temperature field across the Polar Front from STD data collected during March 1975 aboard 


R/V Melville in the western Scotia Sea. 
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Combined data from Melville, Islas Orcadas and Conrad 
(A. Gordon et al., 1977) show a meandered PFZ with 
eddies of Antarctic water north of the Polar Front and 
of Subantarctic water south of the front. 


1976 Field Program. [he purpose of the Polar Front 
held program during FDRAKE 76 was to obtain meas- 
urements of the various scalar fields in the Polar Front 
with vertical and horizontal resoluuion surpassing pre- 
vious studies and to obtain some direct measurements 
of vertical and horizontal velocities which might point 
out various dynamical processes related to the scalar 
variability. The cruise track is presented in Figure 16. 

The velocity data were obtained with vertical cur- 
rent meters (VCMs) and a profiling current meter 
(PCM). VCMs are neutrally buoyant floats equipped 
with vanes to sense vertical motion of the water. Five 
VCMs were built and prepared at Woods Hole Ocean- 
ographic Insutution (WHOM) and recorded 15 float 
days of good data during the experiment. The PCM 
is an Aanderaa current meter designed to slide down 
a CTD cable at 30 m/min and record pressure, current 
speed and direction. Walter Zenk from the Institut 
fur Meereskunde, Kiel, West Germany provided this 
instrument. Using two reference buoys for relative 
velocity esumation, 19 absolute velocity profiles were 
obtained. 

Various scalar fields were measured with the fol- 
lowing instrumentation: (1) CTD: a WHOI/Brown 
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Figure 16. The cruise track of the R/V Thompson during the survey 
of the Polar Frontal Zone. The Polar Frontal Zone was encountered 
in the vicinity of 58°S. 


CTD microprofiler was equipped with a sensor for 
continuous measurement of dissolved oxygen. A total 
of 101 stauons were occupied. (2) XBT: 450 XBTs 
were collected for mapping of the thermal structure 
of the front and for statistical study of temperature 
interleaving in the frontal zone. An expanded scale 
system brought from Lamont by Dan Georgi was used 
tor 300 of the stations. (3) Light Scattering: Gunnar 
Kullenberg from the University of Copenhagen ob- 
tained 48 stations in which the light scattering as a 
function of scattering angle was measured at discrete 
depths and continuous scattering at a fixed angle for 
depths between 0 and 1000 m. (4) Quanta Meter: 
Kullenberg also made 11 quanta meter stations. The 
quanta meter is essentially an electronic secchi disk. 
(5) Over 950 samples were processed for nutrients 
using an Auto-Analyzer operated by Clifford Dalm 
of Oregon State University. Of these, 240 were surface 
samples collected aboard the AGS Yelcho. (6) lsotope 
analysis: 28 samples were drawn for Tritium/Helium® 
and 78 for O*/O* analysis. The former will be done 
by William Jenkins at WHOI and the latter through 
Louis Gordon at Oregon State University. The optical 
and chemical studies provided additional data for 
water mass identification and composition. 

In addition to the above, a subsurface mooring was 
recovered containing three vector averaging current 
meters belonging to Pacific Marine Environmental 
Laboratories (NOAA) and two 50-m thermistor chains 
from the Institut fur Meereskunde, Kiel. A discussion 
of this data has been jointly prepared by Hayes and 
Zenk (1977). During the course of the four-week 
Thompson Leg III study, Yelcho assisted in defining the 
meso-scale structure of the Polar Front. A meander 
in the Circumpolar Current/Polar Front was observed 
to pinch off forming an eddy of cold antarctic water 
which then drifted to the northeast in the Circumpolar 
Current (see below). Patterson and Sievers (1976) and 
Joyce (1976) have prepared more complete summar- 
ies of the Yelcho and Thompson Leg III field work. A 
comprehensive Leg III cruise report (Joyce et al., 
1976) has been prepared which includes discussion 
of the preliminary data. Two modes of transfer of 
heat and salt have been identified (Joyce and Patter- 
son, 1977a) as operative in the Polar Front: mesoscale 
eddies and interleaving. A brief description of these 
processes follows: 


Mesoscale Variability. Over a five-week period during 
FDRAKE 76, a meander in the Circumpolar Cur- 
rent was observed by Joyce and Patterson (1977b) 
to grow and pinch off a cyclonic ring of Antarctic 
water to the north of the PFZ. (See the sequence 
of locations of the Polar Front from three synoptic 
mappings shown in Figure 17.) This ring subse- 

uently drifted northeast into the Scotia Sea. Hy- 
diaeraskds measurements obtained with a 
conductivity/temperature/depth (CTD) recorder 
show that most, if not all, of the water column was 
involved in the equatorward ejection of the cyclonic 
ring. We know neither the ultimate fate nor the 
frequency of formation of such cyclonic rings and 
their anti-cyclonic counterparts, although the pos- 
sibility exists of remote tracking from satellites. 


58°S 


Interleaving. The CTD data presented in Figure 18 
shows features responsible for the second mode of 
transfer across the PFZ, small scale interleaving. 
The temperature, salinity and dissolved oxygen 
fields show multiple inversions with vertical scales 
of 10-100 m while the density (7) is comparatively 
monotonic with depth. This indicates that the tem- 
perature and salinity variations compensate each 
other in such a way that static instabilities in density 
are essentially absent. Closely spaced stations are 
necessary to map intrusions statistically. The entire 
PFZ is filled with these structures, each of which has 
some varying fraction of Antarctic and Subantarctic 
water properties. A description of this phenomenon 
in the Southern Ocean has been made by D. Georgi 
at Lamont. One might imagine the intrusions acting 
as a great “heat exchanger” increasing the surface 
area of contact between different water masses and 
thereby enhancing the smaller-scale mixing. In or- 
der to maintain the interleaving in a statistica!ly 
steady-state, cross-frontal exchange proportional to 
(a) the intensity of interleaving, and (b) the rate of 
destruction (by vertical exchange) of each “leaf” is 
necessary. 

Joyce et al. (1978) note that, within the Polar Frontal 
Zone, water masses interleave with characteristic ver- 
tical scales of 50-100 m. These intrusions are hori- 
zontally anisotropic, being elongated in the along 


stream direction and constrained primarily to the up- 
per 800 m of the front. The thermohaline variability 
was associated with nearly isentropic advection of dif- 
ferent water masses across the front. 


1978 Field From 12 November to 9 De- 
cember 1978, field study of the Polar Front continued 
in the region south of New Zealand aboard the R/V 
Knorr. Under the direction of Dr. Terrence Joyce of 
Woods Hole Oceanographic Institution, the ship- 
board program centered around CTD measurements 
with XBTs and vertical current meters (VCMs). 
After locating the Polar Front, determining its ori- 
entation from four crossings, and taking a CTD sec- 
tion principally across the axis of the front, two 
neutrally buoyant floats (called VCMs) were deployed 
at 215 and 630 m depths on the warmer side of the 
front so that a water parcel could be followed for 
several days. (A third float was lost during a recovery 
attempt as a result of difficulty in maneuvering the 
ship near the float in rough seas.) As the floats were 
tracked, CTD work consisted of stations over the 
floats, two-yo profiles (described below) around the 
shallower float, VCM 5, and stations poleward and 
equatorward of the float track to bracket the water 
masses in the front. The water mass structure of the 
area is typified by a minimum temperature (Tipin) re- 
gion near 200 m depth and by interleaving structures 
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Figure 18. Continucus temperature, salinity, and oxygen profiles of 
CTD station #88. 


which are more prominent on the warmer side of the 
front. During the four-day period VCM 5, which was 
within the Tin layer, moved southward and then east- 
ward with a speed of 50-70 cm/sec. Four tow-yo pro- 
files of approximately four hours duration were made 
near the float. In this operation, the CTD was suc- 
cessively lowered and raised from 50 to 500 m depth 
as the ship steamed at two knots. These stations were 
designed to examine differences in variability of in- 
terleaving water masses in along-front and cross-front 
directions. After two days, the deeper float was sub- 
stantially behind the shallower float so it was recovered 
and redeployed at 430 m near the shallower float to 
provide an estimate of velocity shear. This study in- 
dicated that interleaving layers can be followed over 
horizontal scales of 5 km, and it is planned to quantify 
the differences between the scales of along-frontal and 
cross-frontal interleaving layers and compare with 
results in Drake Passage described by Joyce et al. 
(1978). 

After the Polar Front study, a CTD section was 
taken from 60°S, 160°E onto the Campbell Plateau, 
across the Plateau and Snares Gap onto the continental 
shelf just south of the southern coast of New Zealand. 


This section should provide a description of the nature 
of water which flows onto Campbell Plateau from the 
west and which must evolve into Subantarctic Mode 
Water on the plateau. This section should complement 
the survey of waters on the plateau by McCartney 
during the two months prior to this cruise. 


Significant Results. The research program has con- 
centrated on upper water mass exchange across the 
Polar Front. Two processes have been identified as 
operative (in the Drake Passage at least): ring for- 
mation and interleaving. Gordon and Georgi have 
contributed to the study of interleaving leading up to 
the FDRAKE 76 field program. A conceptual model 
for the cross-frontal fluxes has been developed, and 
Joyce et al. (1978) have made crude estimates of the 
Southern Ocean wide heat and salt fluxes. They es- 
timate that interleaving can account for 10 and 60 
percent, respectively, of the poleward fluxes of heat 
and salt necessary to balance surface inputs south of 
the Polar Front. In short, interleaving must be sig- 
nificant in the thermodynamic balance of the South- 
ern Ocean. One curiosity which has arisen is that 
interleaving produces a negative density diffusivity, 
tending to increase poleward density gradients. This 
process might explain why water mass boundaries are 
also density fronts. 

The Polar Frontal work has borrowed from (and 
contributed to) other ISOS research. An example is 
the modification of the shallow S,y, layer due to cross- 
frontal exchanges. This problem is being investigated 
with a process-oriented model as well as an advective- 
diffusive numerical model. This study should touch 
closely upon McCartney's work in Subantarctic Mode 
Water. Also, a possible mechanism has been suggested 
whereby density steps in the ACC might be associated 
with water mass boundaries. This multiple-jet discov- 
ery is one of the principal results to come out of the 
large-scale hydrographic program. 


2.e. Water Mass Renewal and 
Circulation of Subantarctic Zone 


A new phenomenology of water mass formation 
and circulation in the subantarctic zone has emerged 
from McCartney's studies of the historical data set 
(McCartney, 1977). This background is discussed in 
section 4.b. Two field programs are planned based on 
the results of these studies. 


New Zealand Sector. In the documentation of the 
longitudinal variation of 18°C water-like family of 
Subar.tarctic Mode Waters (McCartney, 1977), a dis- 
tinct break in the otherwise mostly smooth east-west 
trend of mode water temperature and salinity char- 
acteristics was found at New Zealand. West of New 
Zealand the modes are predominantly warmer than 
8.3°C and saltier than about 34.57%. East of the 
Chatham Rise east of New Zealand the modes are 
clustered around 7.0°C and 34.45%e. In between, flow 
of the subantarctic zone is diverted southward by New 
Zealand. There is very little hydrographic data south 


and southeast of New Zealand to use for developing 
a picture of the circulation of the region. What little 
there is suggests that the Subantarctic Front position 
is topographically controlled, and associated with the 
1000-3000 m depth part of the flank of the plateau. 
North of the front in the subantarctic zone, the flow 
streamlines may diverge over the plateau, with a re- 
sultant increase in the ratio of water column surface 
area to area to advection ume. This would allow an 
increased air-sea exchange compared to other parts 
of the subantarctic zone and account for the com- 
paratively large west-east gradient in SAMW prop- 
erties in this sector. 


The intent of the field program that McCartney 
carried out from 18 September-—5 November 1978 
from the Knorr was to obtain a late winter snapshot 
of the hydrography of this region. The cruise track 
is shown in Figure 19. This track allowed determi- 
nation of the relationship of the Subantarctuic Front 
to the Campbell Plateau-Chatham Rise complex. The 
convective overturnings were mapped. An evolution- 
ary perspective was provided by the site mooring near 
51°S, 175°E. It was instrumented with current meters 
at 350 and 980 m (50 m off the bottom), and with 5 
thermistor chains spanning the water column from 
130 to 685 m. At launch ume the mixed layer was 140 
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Figure 19. Cruise track of A/V Knorr cruise 73, Legs 9, 10, 11, September 18-November 5, 1978. 
Water samples taken by Nansen bottle or rosette sampler at 127 stations were processed for salinity, 


dissolved oxygen, silicate 


, Nitrate, nitrite, and ammonia. Additional samples were taken 


oxygen 
at some stations for Tritium/Helium studies by Dr. Jenkins (Woods Hole Oceanographic Institution). 


m thick, and about .2°C colder and .25%e less saline 
than the “old” mode water underneath it. As the fall 
and winter cooling proceeds the 10-m spaced ther- 
mistors hopefully monitored the progressive deep- 
ening of the mixed layer. The Knorr survey established 
a horizontal context for analyzing the mooring data. 
Meteorological data routinely collected at Campbell 
Island, some 430 km west-southwest of the mooring, 
will allow correlation of events observed in the moor- 
ing records with possible meteorological events, e.g.. 
cold, dry wind outbreaks from the southwest. 

In view of the dearth of data southeast of New 
Zealand, the Knorr sections were extended as far to 
the southeast as seasonal ice conditions permitted, 
with stations made to the bottom throughout. One 
topic of analysis of this data set will be the cross-over 
of the southwest Pacific basin by Antarctic Bottom 
Water. This was inferred by McCartney on the basis 
of existing hydrographic sections along 170°E and 
43°S. At 170°E, the coldest water is piled up on the 
northern flank of the zonally trending mid-ocean 
ridge, at about 62°S. At 43°S the coldest water is pilled 
up on a classic northward flowing deep western 
boundary current at the base of the Chatham Rise, 
at 160°-168°W. 

W. J. Jenkins of Woods Hole collected Trittum/ 
Helium® samples in concert with McCartney's pro- 
gram. The immediate focus of this program ts on 
Tritum/Helium dating for SAMW and AAIW, as well 
as primordial Helium*® measurements in the deep and 
bottom water. The AAIW dating will be particularly 
useful in connection with McCartney's non-circum- 
polar AAIW formation hypothesis, which indicates 
the AAIW south of New Zealand as being the oldest 
of that found within the circumpolar subantarctic 
zone. 

A preliminary picture of the deep circulation south- 
east of the plateau may be inferred from the potential 
temperature distribution at 3000 m (Figure 20) from 
the IX and X data, as well as other historical data. 
The coldest water is found as an extension to the 
northeast paralleling the southeastern flank of the 
plateau, although distinctly removed from being di- 
rectly “piled up” against the plateau base. The switch- 
over of the isotherm pattern from predominantly 
zonal south of 56°S, the southern extremity of the 
plateau, to the predominantly meridional pattern 
north of this latitude is striking. The bottom water 
temperatures match this 3000-m distribution, with 
coldest values southeast of the Chatham Islands being 
about .04°C warmer than southeast of the Antipodes 
Islands. 


Drake . The McCartney hypothesis 
for Antarctic Intermediate Water is discussed in some 
detail in section 4.b. The question of the relative im- 
portance of annual mean horizontal fluxes of heat and 
salt from the SAMW to the cold, low salinity antarctic 
zone compared to the annual average air-sea heat loss 
and excess of precipitation over evaporation in the 
subantarctic zone is a difficult one to address. Esti- 
mates of the FF ee of the former are emerging 
from the work of Joyce and of Bryden. For the latter, 


heat exchange estimates can be made using bulk aero- 
dynamic formulae, but the data are extremely limited. 
For the evaporation-preaipitauion difference, there 
are few data to be used in direct calculations, and 
instead indirect evidence inferred trom the zonal 
mean climatology have to be used. 

The importance of the homogenization of the water 
column by vertical convective overturning can be di- 
rectly assessed by a held experiment. The questions 
that McCartney and Georgi have proposed to address 
in late austral winters and early springs of 1979 and 
1980 are mainly directed at: (1) What is the coldest 
type of SAMW formed in the South American sector 
of the subantarctic zone? (2) What is the volumetric 
distribution of the newly renewed SAMW in temper- 
ature-salinity space? (3) At what associated SAMW 
temperature does the geostrophic velocity field indi- 
cate a bifurcation between modes that turn north off 
Chile as part of the South Pacific anticyclonic gyre and 
those that pass through the Drake Passage into the 
South Pacific? (4) What volume Hux of SAMW into 
the South Adiantic is indicated by the 1979 late winter 
hydrography combined with the DRAKE 79 current 
meter array? (5) Is there a seasonality in the properties 
of the SAMW moving through the Drake Passage, and 
if so, can the advection be quantified? (6) Can the 
result of (4) be combined with an estimate of the east- 
ward flow of SAMW south of New Zealand obtained 
in the 1978 experiment, to quantify the fluxes nec- 
essary to modify the warmer, saltier New Zealand sec- 
tor modes, to the cold, low salinity modes of the Drake 
Passage? (7) How do the proportion of the SAMW 
and Polar Frontal Zone waters passing through the 
Drake Passage relate to the waters carried north with 
the Falkland current to enter the South Atlantic gyre 
at the Falkland Brazil confluence? 

It is proposed to address these questions with two 
different program components. The McCartney/ 
Georgi proposal covers a late winter/early spring hy- 
drographic survey of the southeast Pacific, Drake Pas- 
sage, and southwest Pacific. This two-leg, 70-day 
survey aboard the R/V Atlantis I] during 1980 will 
address questions 1, 2, 3 and 7. The second compo- 
nent is included within the DRAKE 79 moored ex- 
periment. Moorings on the main line across the 
passage were instrumented with temperature pres- 
sure recorders at 200 m, in addition to the temper- 
ature, conductivity, and current measurements at 500 
m. The heavily instrumented transport mooring at 
3000 m on the northern side of the passage has four 
thermistor chains spanning the water column from 
200 m to 600 m, as well as temperature, pressure, 
conductivity and current measurements at 500 m. 
These instruments will address questions 4 and 5. 
Specificaliv, year-long temperature measurements at 
a single point, in 500 m of water on the north side of 
the Drake Passage has an intriguing cycle. At the be- 
ginning of ausiral winter, the 500-m temperature was 
about 4.8°C. During the winter this temperature de- 
creased to an end of winter minimum of about 3.8°C. 
This represented simple vertical motion of the main 
thermocline, which would imply a seasonal change of 
baroclinic transport. On the other hand, the 4.8°C 
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Figure 20. Potential temperature at 3000 meters, using data from A/V Knorr cruise 73, legs IX and 
X, combined with historical data to the west, east and north. 


water could have been one-half year old SAMW from 
farther west tht advected into the passage, while the 
steady decline to 3.8°C could have been a result of air- 
sea modification of the mode water by convective 
overturning. The vertical instrumentation of the 
DRAKE 79 array should give more information about 
these processes. 

Addressing question 6 will be William Jenkins’ pro- 
gram of Tritium/Helium® sampling which will be of 

rticular use in contrasting the AAIW of the New 
Pealand sector to that in the South American sector. 
Primordial Helium*® measurements will be made in 
the deep water where they are expected to be of much 
use in contrasting old deep water (high Helium*) to 
young deep waters (low Helium’). 


MICROFILMED FROM BEST 


2.f. Pilot Program of Winter 
Measurements under Sea ice 


The pilot program of winter measurements under 
sea ice was set up by Drs. Henry Crew and Victor T. 
Neal (School of Oceanography, Oregon State Uni- 
versity) to develop the techniques necessary for long- 
term monitoring of physical oceanographic processes 
under the sea ice. The work carried out in McMurdo 
Sound in September 1974 demonstrated that ocean- 
ographic data can be obtained from ice stations during 
the austral winter. Repeated vertical profiles of tem- 
perature and horizontal currents as well as standard 
hydrographic data were obtained. The currents were 
weak and mostly barotroenic. Conventional hydro- 
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graphic measurements indicated little significant 
structure. However, the repeated high resolution (in- 
strument resolution to better than .001°C) tempera- 
ture measurements revealed transient step-like 
features in vertical profiles. These features were typ- 
ically 2 to 4 m thick. 


2.g Southern Ocean Lagrangian 
Observations 


The long-range scientific objectives of this research 
program are to determine: 


1. The large horizontal space and ume scales of the 
surface Antarctic Circumpolar Current; 


2. The characteristics of the wintertime circulation 
of the surface Circumpolar Current. 


These goals are qualitative. They contnbute prin- 
cipally to the ISOS long-range goals of determining: 


1. The interaction of the Circumpolar Current Sys- 
tem with other oceanic regions and atmospheric 
circulation; 

2. The kinematic and dynamics of the ACC frontal 
zones. 


The Southern Oceans Lagrangian Observations 
(SOLO) program has been funded at a modest level 
since November 1974. During the period of Novem- 
ber 1974 to November 1977, the major efforts of this 
program were toward the technical development of 
a buoy-drogue system which would be able to survive 
the severe conditions of the antarctic. In addition, 
considerable efforts were made toward developing the 
techniques necessary for interpreting the drifter data. 


The SOLO Pilot Program began with the devel- 
opment of five satellite-tracked drifters during late 
December 1977 from the USCG Burton Island. Two 
U.S. icebreakers, the USCG Burton Island and the 
USCG Glaceer, were scheduled to collect XBT daia on 
three north-south crossings of the arcumpolar region 
south of New Zealand. Enroute to Campbell Island, 
along 170°E longitude between 55°38'S and 55°40'S, 
the northern edge of a large meander in the Suban- 
tarctic front was encountered. A. satellite-tracked 
drifter was launched in the center of this meander. 
A second drifter was deployed in the meander’s south- 
ern front at 57°40'S. Data indicated an extended fil- 
ament of warm Subantarctic water directly south of 
the meander. The track of a drifter launched near 
the center of the warm pool indicated that the filament 
was not closed off. A cold core centered near 59°42'S 
was marked with a drifter. The fifth drifter was de- 
ployed further south in the Antarctic water with sub- 
surface temperature minimum. 

These drifters had sensors to measure sea surface 
temperature, battery voltage and drogue line tension. 
One drifter failed completely on the first day and 
another terminated transmission after 13 days. The 
remaining three gave substantially longer records of 
position (75, 119, 193 days). 

The drifter trajectories show a range of horizontal 
spage scales exist within the surface Circumpolar Cur- 
rent? Eddy motions of scale 40 km (1 week) to meander 
featyres of 250 km (1 month) are evident in the data. 
The smoothed trajectories also agree with historical 
relatiye dynamic topography (Gordon et al., 1978). 
Only one drifter continued transmission into the aus- 
tral winter. Conclusive remarks concerning winter- 
time surface circulation can not be based on this alone. 

For the 1979-1980 period, data from the Southern 
Hemisphere deployment of FGGE drifters will be 
utilized. 


3. Supporting Theoretical and Laboratory Studies 


Overview 


At the beginning of the ISOS program, a Working 
Group on Theoretical and Special Process Studies was 
established by Drs. James Luyten of the Woods Hole 
Oceanographic Institution and D. James Baker, Jr. 
of the University of Washington. This Working 
Group, through a series of meetings during 1974-75, 
defined basic ACC system theoretical questions. They 
are listed in the report “ISOS, Overview of Theoretical 
Activities, 7 November 1975.” These basic questions 
are still valid. Besides defining these problems, this 
Working Group bas not played a strong role in pro- 
gram development. The ISOS program shares with 
other large programs the problem of too few theo- 
reticians to reach a critical mass. With such a critical 
mass, a group such as the Working Group could take 
the lead not only in isolating specific processes needing 
study, but also in concurrent modeling and field ex- 
periment design. This would presumably lead to the 
acquisition of data sets finely tuned to the addressing 
of specific dynamical and process questions. Without 
this critical mass, ISOS has proceeded in different 
fashion, with more general purpose field experiments 
being made. Individual theoreticians examine the re- 
sultant data sets from their particular perspective to 
obtain direction for modeling activities. Thus the flow 
of tdeas in ISOS has followed this scheme: 
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The solid lines show the main idea flow lines and 
feedback paths in ISOS. The only main link between 
the parallel tracks occurs at the interpretation end. 
The dashed lines show the less well developed flow 
lines and feedbacks that have been more recently de- 
veloping. The dotted line is the least well developed 
link: sharply defined theoretical principles and a ra- 
tionale for designing field | rion to test theo- 
retically predicted dynamical balances and particular 
processes. 

There has been a common thread in the various 
theoretical studies supported by ISOS: the role of 
topography in the global balances of the ACC system. 


THEORETICAL 


Drs. M. S. McCartney and H. L. Bryden have begun 
to examine the possibility of a field experiment di- 
rected at the specific problem of estimating the pres- 
sure torque exerted by a bottom topographic feature 
on the ACC. A small current meter mooring array 
was set in April 1978 in what may be a Rossby wake 
regime downstream of the Campbell Plateau south of 
New Zealand. This will give scale information valuable 
for planning a future pressure torque/momentum 
flux experiment in this sector. Discussion of this ex- 
periment will continue in ISOS; it is likely that the 
actual experiment is several years off. 

A shift from the topography/global balance em- 
phasis ts occurring. The data from the first year-long 
study were empirically analyzed by Dr. H. Bryden 
(1978) to show the potential importance of baroclinic 
instability in the passage. Dr. R. deSzoeke, aware of 
Bryden’s work, had initiated a theoretical study to 
isolate and study processes of instability as revealed 
by the data. In addition, Dr. C. Fandry, of Monash 
University, visited OSU for one year in order to look 
at Southern Ocean models in the light of the ISOS 
data. 

An opportunity for a major step forward from this 
nucleus of studies will occur the end of the ISOS field 
activities. Plans now call for a special Chapman Con- 
tere sce of the American Geophysical Union on South- 
ern Ocean Dynamics during 1981 where a full 
presentation of the ISOS data to a highly qualified 
group of both theorists and experimentalists will be 
made. Hopefully this meeting will stimulate new the- 
oretical activities for the Southern Ocean. Such activ- 
ities will be crucial for full understanding the data 
obtained from the ISOS moored arrays and for de- 
ciding what direction new research in the Southern 
Ocean should go. 


3.b. Project Summaries 


Dr. Tony Maxworthy of the University of Southern 
California carried out a number of laboratory exper- 
iments on topographic effects in homogeneous and 
stratified rotating flows over various types of obstacles. 
In the homogeneous experiments, Maxworthy (1977) 
compared the effects of various topographic arrange- 
ments and how each is affected by changes in the basic 
parameters. Southern Ocean-type flows were ob- 
served in several cases. In particular, the experiments 
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show that the appearance of gyre flows around the 


coastline of the Antarcuc Content, the shape of 


streamlines over transverse mdges and the splitung 
of the main circumpolar flow into at least two filaments 


south of Australia could « due to the influence of 


bottom topography. Ase: of experiments designed 
to examine in detail som: | .operties of rotating, strat- 
ihed Hows were also carried out (Linden, 1977). The 
stress-driven flows were strongly stratified and im basic 
agreement with calculauions of Allen (1972) for a strat- 
ihed annulus. Non-symmetric wave-like mouions were 
observed at high values of the Rossby number. 

Dr. Tom Spence of Texas A&M University carned 
out a series of laboratory experiments in early 1977 
under a subcontract from Dr. Maxworthy. Dr. Spence 
used a rectangular tank with a false bottom for B- 
plane simulation, and measured drag on a pendulum 
to look for east-west asymmetry effects related to 
Southern Ocean Processes. The experiments were 
carried out over a range of parameters in a homo- 
geneous fluid. 

Dr. Michael S. McCartney of the Woods Hole 
Oceanographic Insutute ts investigating aspects of 
current-bottom topography interactions. McCartney 
(1976) discussed an analytical model of the interaction 
of a broad eastward baroclinic current with various 
topographic features of relevance to the Southern 
Ocean. Zonally elongated ridges intensify the velocity 
held equatorward of the ndge crest and retard it pole- 
ward. This is an explanation for the correlation be- 
tween the Subantarctic Front and the zonal ridge 
south of Australia. The interaction can also involve 
the formation of anticyclonic eddies (warm core) on 
the poleward side of the ndge. Downstream of the 
ridge, alternate cyclonic (cold core) and anticyclonic 
(warm core) eddies may occur. 

Allen et al. (1975) extended this work to include 
steady, eastward flow of a stratified fluid in a B-plane 
channel, with bottom and side-wall topographic dis- 
turbances representing features of the Drake Passage. 
The results show that the combined effects of variable 
topography, north-south confinement and of B may 
result in multiple current cores downstream of the 
topographic disturbance. The spatial scales of these 
current cores are in reasonable agreement with those 
found in the Drake Passage. 

In addition, McCartney has made some analytical 
progress in the area of finite amplitude limits to top- 
ographic forcing effects on currents. Existing studies 
generally are restricted to t raphic heights he on 
the order of HU/(fL) < H. The resultant disturbance 
is proportional to h,, while the topographic drag force 
is proportional to (he)*. While it is possible for bottom 
friction to limit the maximum disturbance, McCartney 
is working on the idea that there ts a finite inertia 
limitation for non-zero Rossby numbers. 

Dr. John Allen of Oregon State University has been 
working on time-dependent flow in the Drake Passage 
region. The studies were initiated by considering a 
linear motion of a barotropic fluid in an infinite B- 
plane channel, aligned in the east-west direction, with 
deformations in the channel geometry representing 
the surface land mass and bottom topographic fea- 
tures of the Drake Passage. The motion ts driven by 


an oscillatory zonal wind stress uniform in space. The 
characternstics of the response, as a function of the 
parucular topographic constraints representing the 
Drake Passage 2ad of the forcing trequency, are dis- 
cussed by Yao (1978). 

Yao (1978) also investigated an iniual-vaiue problem 
tor the perturbation by a bottom feature to a two- 
layer, strauhed flow on a B-plane. The development 
in space and in ume of the linearized baroclinicalls 
unstable disturbance was studied. 

Dr. M. Spillane of Nova University has undertaken 
related topographic effect studies. He has focused 
initially on the effect of non-zonality of the basic How 
in both barotropic and equivalent barotropic systems 
(McCartney, 1976) on the topography-current inter- 
acuon. The interaction induces vet another scale of 
motion into the flow. For a zonally-onented ndge and 
eas'ward zonal current, McCartney (1976) found cur- 
rent mtensification on the equatorward side of the 
ridge, reduction on the poleward side and stationary 
Rossby waves east of the ndge. Spillane (1978) finds 
that a meridional component in the basic current 
causes additional wavy solutions (comparatively long 
waves) to the west of the topography. These decay 
rather slowly upstream of the topography. Over the 
topography these waves give regions of flow intensi- 
fication and reduction of rather different spatial dis- 
tribution than for the simple zonal current. The total 
soluuions (long and short waves) seem to give the same 
result as McCartney's (1976) equatorward intensifi- 
cation, and poleward reduction or reversal. 

Spillane (1978) has also shown that when a broad 
ocean current encounters a large-scale topographic 
feature, standing Rossby wave patterns can be 
erated. Short Rossby waves with a scale L, =V 
(Q is the speed of the approaching flow; 8 is the mer- 
idional gradient of f) are generated east of the to- 
pography. If the zonal scale of the topography, L, is 
planetary, long standing Rossby waves can be gen- 
erated west of the topography, when the current has 
a meridional component. The long waves focus the 
disturbance zonally and produce alternating regions 
of intensified or reduced zonal flow. The meridional 
scale that characterizes these zonal bands is the inter- 
mediate scale, L = L,?* L'?. When the meridional 
topographic scale ts comparable to L, the amplitude 
of the long wave disturbance dominates. Using mul- 
tiple scaie methods to exploit the scale gap between 
the planetary, intermediate and Rossby wave scales, 
the topographically induced pressure and velocity 
fields due to a zonal ridge are obtained. When the 
planetary scale flow field its directed poleward, a west- 
ward counterflow can occur along the poleward flank 
of the ridge. The meridional scales of these topo- 
graphically induced flows are comparable to those 
observed along the Indian-Antarctic Ridge by Calla- 
han (1971). 

Dr. Roland deSzoeke of Oregon State University 
is studying baroclinic eddy dynamics in the Southern 
Ocean. This effort derives directly from the current 
meter data base accumulating at Oregon State and is 
the first ISOS theoretical project designed to under- 
stand processes revealed by empirical analysis of the 
data. deSzoeke plans to develop models of eddy trans 


port processes (especially of heat) that can be tested 
directly with data from the current meter cluster ex- 
periments and also to model topographic effects on 
baroclinic dynamics in the Circumpolar Current. 
deSzoeke has also devised an independent method 
to esuumate eddy heat flux from horizontal and verucal 
arrays of velocity ume senes only, by assuming geos- 
hy and hydrostasy. In contrast to eddy heat flux 
T. he is attempting to estmate zonally-averaged 
mean-advected heat flux v T from historical hydro- 
aphic data. This method was used to help design 
the 1979 Drake Passage array. Comparison of this 
method with the direct method of correlauon of ve- 
locity and temperature fluctuations should illuminate 
the dynamics of heat-transporting fluctuations. 

Work on deSzoeke’s baroclinic instability models ts 
also proceeding. He ts studying a two-layer model of 
a front which intersects the ocean surface. The focus 
is on the ume and space scales which are associated 
with deformations of the front. 

Dr. Daniel G. Wright of Woods Hole Oceano- 
graphic Institution has also been working on the mod- 
eling of baroclinic instability in Drake Passage. 
Preliminary results from his work suggest that the 


dominant instability in Drake Passage is due to the 
bottom shear. That ts, it relies on the horizontal tem- 
perature gradients due to the bottom shear to main- 
tain the balance in north-south eddy flux of potential 
vorticity. 

Dr. Maurice Rattray and George Dworsky of the 
University of Washington have begun a theoreucal 
study of the velocity held in the Southern Ocean. This 
should be a forerunner to modeling the entire (ar- 
cumpolar) ocean with the objective of calculating var- 
iauions in the Antarctic Circumpolar Current. 

Dr. Yves Desaubies of the Woods Hole Oceano- 
graphic Insutution has begun analysis and interpre- 
tauion of meteorological data pertinent to the Southern 
Ocean and will relate it to the observed fluctuations 
of the Antarcuc Circumpolar Current as being de- 
fined by the on-going FORAKE and DRAKE projects. 
He intends to develop an analytical stochastic model 
of the variability induced by atmospheric forcing. This 
will include the addressing of questions such as: what 
are the dynamics of the interaction, what are the re- 
spective parts played by thermohaline and wind-dri- 
ven processes and ts the forcing local or operating on 
a large scale 


4. Analysis of Southern Ocean Historical Data 


in additwn to the field and laboratory expernmmcats 
being carned out as part of ISOS, considerable effort 
has gone into the study of the historical physical ocean- 
ographic data set of the Southern Ocean. This data 
set consists of: (1) approximately 34,000 hydrographic 
stations south of 30°S, a significant fraction being de- 
rived from the es expeditions of the 1930's, the 
IGY work sa 1957-58 and the Eltanm cruises of the 
1960's and 1970's; and (2) many tens of thousands of 
bathythermograph and expendable bathythermo- 
graph observations, primarily obtained since 1955. 

The data set ts not uniform m quality, space or ume. 
The quantity attenuates in winter and towards the 
south due to presence of extensive sea ice. Even north 
of the ice fields the winter data set ts small. Within the 
ice, data are from unfortunate ice-bound ships or near 
antarctic bases where winter activity ts carned out. 
Therefore, the historical data are not useful for the 
study of winter processes within the sea ice fields and 
have only limited usefulness for studying winter con- 
ditions even in open waters of the Southern Ocean. 
During summer there are still areas not covered by 
summer data of reasonable quality, notably in the 
southwest Pacific Ocean. The summer data base ts also 
small over most of the continental margins of 
Antarctica. 

A great deal of the published work regarding ant- 
arctic physical oceanography has been based on his- 
torical data. There are a number of scientists using 
historical data as part of their field or theoretical stud- 
ies. These include investigation of formation and 
spreading of Antarctic Intermediate Water and of the 
wa followed by Antarctic Bottom Water in its course 

and circumpolar current from the source region 
to the northern oceans. 


Southern Ocean Atlas 


The objective of the Southern Ocean Atlas project 
being carried out at the Lamont-Doherty Geological 
Observatory (LDGO) of Columbia U niversity is to scan 
all of the available historical data set for the Southern 
Ocean and the separate out the high-quality data. This 
high-quality data will then be presented in an atlas of 
the average oceanographic conditions south of 30°S. 
In addition, the final edited data set will be available 
—_ computer tape for use by interested investigators. 

tlas Project benefits ISOS directly by provid- 
ing tthe background against which the results of the 
ISOS field experiments, model experiments and the- 
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oretical studies may be viewed. In addition, the atlas 
which will contain the majority of the ISOS data will 
provide the basis for planning future field or labo- 
ratory studies and will offer a means for efficent ap- 
praisal of any additional Antarctic data. 

Stage I of the Atlas Project was completed in 1975 
with the publicauion of the USNS Eltanin Southern 
Ocean Oceanographic Atlas by A. L. Gordon and E. 
Molinelli. This atlas ts an inexpensive Xerox repro- 
duction of hand-plotted data. Approximately 200 cop- 
ies were made and have now been distributed. In 
addiuon to the atlas, the set of Eltanin data were put 
on magnetic tape, available for loan from LDGO. 

Stage I is a compilation of a non-Eltanim set of data, 
which in combination with the Eltanin data set would 
provide a more-or-less uniform aircumpoiar network 
of high (although not uniform) quality, deep-reaching 
hydrographic stations. This stage is presently being 
completed, concurrent with the beginning of Stage 
III (the preparation of a full Antarctic Oceanographic 
Adlas). 


Summary of work completed 


a. Eltanm data—1420 stations. These data were 
quality controlled during preparation of the 
Eltanmn Reports. 


b. Recent data, which have been subjected to sig- 
nificant quality control by the originators. This 
set includes: GEOSECS, HUDSON-70, NEMO, 
ARIES, GLACIER-73, CONRAD-I7 and -18, 
and PIQU ERO, as well as the ISOS data collected 
in Drake Passage/Scotia Sea and in the New Zea- 
land sector. 


c. Stations from the NODC files which have 15 or 
more observations with the deepest observation 
at a depth greater than 70% of sonic depth. 
There are 2929 stations in this category south 
of 30°S. 


d. Stations from the NODC files with 5 or more 
observations, with the deepest observation be- 
tween 40% and 70% of sonic depth, and those 
with less than 15 observations but extending to 
greater than 70% of sonic depth. The pu =. 
of this tape ts to provide additional stations w 
can be used to increase station density where the 
Eltanmn, the 70% tape and the tape of recent 
stations give only sparse coverage. There are 
12,599 stations in this category, but the majority 


are on the continental shelf ot Australia, Ar- 
genuna and South Africa. 

e. A grid point data set is also available. The data 
set is composed of standard level values at 10° 


latitude by 20° longitude grid point south of 


30°S. 


The NODC tapes (items b and c above) have been 
subjected to a number of quality control procedures 
to reduce the number of stations to the highest pos- 
sible quality and provide a nearly uniform circum- 
polar station network. Our aim is to have a final listing 
of data for approximately 7000 stations south of 30°S. 
For sea surface maps for the Atlas the entire NODC 
file will be used. 


The contents of the Southern Ocean Atlas 


The Aulas will include the following plates: 


1 Station map by symbol, tone and color wi!! iden- 
tify ship and season, and will indicate when the 
data used in the Atlas plates are of marginal qual- 
ity or do not extend to greater than a few hundred 
meters. 


2 Horizontal distributions of potential tempera- 
ture, salinity, density, oxygen, nutrients (silicate, 
phosphate and nitrate) at the following levels (in 
meters): sea surface (seasonal), 200, 500, 1000, 
1500, 2000, 5000, 3500, 4000, 5000, 6000 and 
bottom values. 


3 Vertical sections of the same parameters used in 
the horizontal plates for the following regions: 
south of South America (Drake Passage); south 
of Africa; south of New Zealand; south of Aus- 
tralia; southeastern Pacific, Atlantic, Indian; 
southwestern Pacific, Atlantic, Indian. 


4 Scatter diagrams for the stations comprising each 
of the above mentioned vertical sections, show- 
ing: the curves for temperature versus salinity, 
oxygen and the nutrients. 


5 Various core and density surface distributions 
including the oxygen minimum, salinity maxi- 
mum and three different potential density sur- 
faces representing sections of the water column. 


6 Dynamic height anomalies for the pyessure in- 
tervals: 0/1000-db, 0/2500-db, 1000/2500-db and 
2500/4000-db. 


7 A microfiche supplement which uses the grid 
point data set to generate computer plot/con- 
toured images of horizontal and vertical sections 
and average vertical curves for temperature, sal- 
inity, oxygen, nutrients and Brunt-Vaisala fre- 
quency for selected regions. 


The Bruce Heezen bottom bathymetry map will be 
used as base map for the Southern Ocean Atlas plates. 
This map will be squared off by making the edges of 
the map tangent to the 30°S parallel. 


Completion of the Atias 


At this ume, it is anucipated that the Atlas will go 
to press late in 1980 and be available during 1981. 


4.b. Subantarctic Mode Water 
Formation 


Dr. Michael McCartney's (Woods Hole Oceano- 
graphic Institution) analysis of existing Southern 
Ocean data has revealed a family of water types within 
the upper water column of the subantarctic zone, 
characterized as thermostads—thick layers of verti- 
cally quasi-homogeneous temperature, salinity and 
oxygen. Immediately north of the circumpolar Su- 
bantarctic Front, deep (400-600 m) well-mixed layers 
are found in late winter. Spring and summer heating 
isolates (but does not completely erase) these layers 
beneath the seasonal thermocline as thermostads. The 
zone in which this active renewal is found its several 
hundred kilometers wide, but the associated ther- 
mostad can be traced much further north—on the 
order of 2000 kilometers. The thermostads and the 
often associated dissolved-oxygen maxima can be 
found as far north as the south equatorial current 
regions of each southern heniusphere subtropical gyre. 
This water mass formation and spreading process is 
similar to that occurring east and south of the Gulf 
Stream and Kuroshio currents, where the thermostads 
are called Subtropical Mode Water (STMW). In light 
of the association of these Southern Ocean thermos- 
tads with the circumpolar Subantarctic Front, rather 
than the Subtropical Fronts (western boundary cur- 
rents such as the Agulhas Current) the name Suban- 
tarctic Mode Water (SAMW) is suggested (McCartney, 
1977). 

In common with STMW, SAMW contributes sub- 
stantial volumetric modes to the central water masses, 
indicating SAMW to be the renewal agent of the high 
oxygen parts of the main thermocline water of the 
southern hemisphere subtropical gyres. 

Figure 21 shows the east-west variation of the 
SAMW properties at 32°S in the South Atlantic and 
Indian Oceans, 40°S in the southeastern Indian 
Ocean, and 43°S in the South Pacific. Shown is the 
potential temperature, salinity, and a strength indi- 
cator as a function of distance along the sections of 
the pycnostad. The strength indicator is the Brunt- 
Vaisala period, proportional to the square root of the 
vertical thickness of a density increment. Part of the 
Atlantic data is repeated in the right hand panel, to 
emphasize the large jump in the local SAMW char- 
acteristics that occurs across South America, and for 
use in a discussion of Antarctic Intermediate Water 
below. 

A lesser break in the smooth trend of characteristics 
occurs across New Zealand. This break, as well as a 
number of other regional features makes the New 
Zealand sector an especially good one for studying the 
SAMW formation process and other Southern Ocean 
phenomena. McCartney conducted an experiment in 
this sector in 1978, as was discussed in Section 2.e. 
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Figure 21. Subantarctic mode water temperature, salinity, and strength (Brunt-Vaisala period) as a 
function of east-west distance along four zonal sections: 32°S in the South Atlantic Ocean (A/V 
Atlantis cruise 247), 32°S in the southern Indian Ocean (A/V At/antis |i cruise 15), 40°S in the 
southeastern Indian Ocean (HMAS Diamantina cruise 1/60) and 43°S in the South Pacific (USNS 
Eltanin cruise 28). The South Atlantic data in the left pane! shows two sets of modes, with a cold 
set being found at temperatures near 4°C. The right panel repeats the western Sout: Atlantic data 
and in the dashed boxes shows the salinities and strengths of these colder modes. The j line 
east of New Zealand represents the near bottom temperature over the shallow Chatham Rise. 


The South Pacific SAMW properties combine with 
earlier Antarctic Intermediate Water (AAIW) circu- 
lation studies such as Johnson (1972) to give a fairly 
simple formation and recirculation scheme for AAIW. 
Warmer saltier waters enter the subantarctic zone in 
the west, but from western boundary currents and 
from the warmer than 8°C SAMW south of Australia. 
As this water moves eastward along the northern edge 
of the Subantarcfic Front it is progressively modified 


by winter convective mixing which seasonally homog- 


enizes the water column, giving the sequence of 
SAMW displayed in Figure 21. The zone apparently 
suffers both a net heat loss and a net salt loss. Mc- 


Cartney has suggested that this is accomplished mainly 
through air-sea heat exchange and the excess of pre- 
cipitation over evaporation. Joyce and Georgi (see 
Section 2.d.) say the necessary losses are caused by 
exchange with the antarctic zone via the interleaving 
Jgnd meso-scale eddies of the Polar Frontal Zone. 
There is little disagreement about the importance of 
the seasonal cycle of air-sea heat exchange in causing 
convective homogenization of the water column. 
Part of the low salinity, low temperature mode water 
at the eastern side of the subantarctic zone within the 
South Pacific turns north, and as can be seen in the 
Johnson study, travels north to about 25°S and then 


west across the Pacific at 25°S, gradually gaining in 
salinity. 

The remainder of the lowest temperature and sal- 
inity SAMW passes through the Drake Passage into 
the South Adantic. A main axis for its flow ts the 
northward flowing Falkland Current, which hugs the 
Argentine continental margin, and extends north- 
ward beyond 40°S inshore of the warm Subtropical 
waters of the Brazil Current. In this collision process, 
the lighter Subtropical waters override the low salinity 
Falkland Current waters, thereby effecting a meri- 
dional exchange, and a resultant injecuion of the low 
salinity water into the intermediate depths of the Sub- 
tropical gyre. 

In Figure 21 these Falkland Current modes appear 
in the 32°S South Atlantic section, although not at 
every station, as pycnostads beneath the main ther- 
mocline, with associated temperatures from 3.5° to 
4.7°C. The boxed data in the right hand panel of the 


figure shows the salinities and pycnostad strengths of 


these modes, which are similar to the SAMW values 
above the main thermocline west of South America. 

The remaining low salinity SAMW from the Drake 
Passage, that which does not enter the South Adantic 
subtropical gyre, passes into the Indian Ocean. A sec- 
ond collision and overriding event takes place with 
the Agulhas Return Current, effecting an injection 
of low salinity water into the Indian Ocean subtropical 
gyre. The last remaining part of the Drake Passage 
origin low salinity SAMW passes south of New Zealand 
into the central South Pacific. It ceases to be a salinity 
minimum there, because the lighter South Pacific re- 
circulating SAMW has lower salinity. 

In summary, the McCartney AAIW hy pothesis in- 
dicates AAIW as being “formed” by convective ho- 
mogenization of the water column in the sector of the 
subantarctic zone southwest of Chile and within the 
Drake Passage and that this is circumpolarly the only 
area at which the AAIW—the coldest, least saline 
SAMW—contacts the atmosphere. This formation 
zone falls at the southeastern corner of the South 
Pacific gyre, so part of this low salinity SAMW recir- 
culates directly anticyclonically around the gyre. The 
rest passes through the Drake Passage, making its 
initial penetration of the South Atlantic and South 
Indian gyres into their southwest corners and from 
there recirculating anticyclonically around the gyres 
beneath the subtropical waters. 

McCartney 
the mode waters of the Southeast Pacific, Drake Pas- 
sage and Southwest Atlantic for September-October 


1980. Related data collection is proposed as part of 


These are discussed 


the DRAKE 79 Moored array. 
in Section 2.e. 


and Georgi have proposed a survey of 


4.c. Structure and Spreading of 
Antarctic Bottom Water 


During 1978, Frederick C. Schlemmer II of Texas 
A&M University completed a dissertation describing 
the characterisuc relations, vertical structure and lat- 
eral spreading of Antarctic Bottom Water within the 
four major oceanic basins adjacent to Antarctica. 

Three major layers of Antarctic Bottom Water were 
identified. Boundaries between these layers occur 
near the surfaces at potential densities referenced to 
4000 db (o,) of 46.08 mg cm-*, 46.15 mg cm? (46.12 
mg cm? in the Marquarie Ridge-Balleny Islands com- 
plex and western Southeast Pacific Basin) and 46 21 
mg cm *. These isopycnal surfaces are associated with 
strata of maximum stability and slope changes in the 
characteristic relations. 

The densest layer of Antarctic Bottom Water (a4 
> 46.21 mg cm~*) occurs in two separate regions. In 
the central and western Atlantic-Indian Basin, this 
layer is comprised of Weddell Sea Bottom Water, 
characterized by low potential temperature (<0.8°C), 
salinity (34.63 to 34.67%e) and dissolved silicate con- 
centration (<100u%M) and by high dissolved oxygen 
concentration (>5.7 m1/1). Over the southern Mac- 
quarie Ridge, this layer contains Ross Sea Bottom 
Water, marked by low potential temperature (—0.6 
to —0.3°C) and dissolved silicate (102 to 111M) and 
by high salinity (34.70 to 34.74%e) and dissolved ox- 
ygen (5.5 to 5. 7 ml/1). 

The layer of Antarctic Bottom Water of interme- 
diate densities extends into all four of the major 
oceanic basins around Antarctica, but does not reach 
completely across the Southeast Pacific Basin. This 
layer is characterized by low silicate values near source 
regions and, in some regions, by a change in slope of 
the oxygen-density relations. 

The most prominent characteristics of the upper 
layer of Antarctic Bottom Water (below a, = 46.08 
mg cm“) are its maximum in dissolved silicate, an 
increased slope in the dissolved oxygen versus poten- 
tial stability near its upper boundary and an ubiquitous 
stratum of maximum stability near its upper layer. 
Only this uppermost layer extends appreciably north- 
ward out of the basins adjacent to Antarctica. Its pri- 
mary spreading paths are: (1) east of the eastern flank 
of the Scouia Ridge and through the Argentine Basin; 
(2) across the Southwest Indian Rise west of Prince 
Edward Islands; and (3) through the passage between 
the Crozet Ridge and Kerquelen Plateau. This layer 
is continuous through all of the basins adjacent to 
Antarctica, but is interrupted at the Drake Passage. 
This interruption apparently determines the upper 
boundary of Antarctic Bottom Water. 
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5. Availability of ISOS Data 


data listed here, considerably more data are being 
collected during 1979-1980. The DRAKE 79 exper- 
iment began during January-February 1979. Also, 
during September-October 1980, McCartney and 
Georgi will conduct cruises to study water mass for- 
mation in the Argentine Basin, Drake Passage and 
Southeast Pacific Ocean. The ISOS XBT program will 
also continue at a reduced level during 1979-1980. 


Many types of data have been collected on programs 
funded by NSF/IDOE as part of the ISOS program. 
Table 1 contains a listing of the data collected during 
each field operation, individuals responsible for the 
data, and where the original data are archived. The 
major portion of these data have already been sub- 
mitted to the National Oceanographic Data Center 
(NODC). The remaining data will be sent to NODC 
as soon as processing is completed. In addition to the 


Table 1. Status of ISOS Data 


Year Expedition Principal Investigator Data Location of Data 
1974 Ross Sea V. T. Neal Under ice Observations: Tempera- Oregon State 
ture, salinity, currents, STD University 
1975 FDRAKE 75 Worth D. Nowlin, Jr. Hydrographic Measurements: Tem- Texas A&M University 
Melville perature, salinity, oxygen Data Rpt. 77-2-D 
Nutrients: Silicate, phosphate, ni- 
trate, nitrite 
STD Measurements 
1975 FDRAKE 75 R. Dale Pillsbury Moored Array data: Currents, pres- Oregon State 
Melville sure, temperature, tides University 
Data Rpt. No. 65, 
Ref. No. 76-6 
Tapes 
Data Rpt. No. 67, 
Ref. No. 77-8 
1975 FDRAKE 75 Arnold Gordon Hydrographic Measurements: Tem- Lamont-Doherty 
Conrad perature, salinity, oxygen Data Rpt: Conrad 
Nutrients: Silicate, phosphate 18-01 
1975 FDRAKE 75 Richard Wearn Hydrographic Measurements: Tem- University of 
Islas Orcadas perature, salinity, oxygen Washington 
Nutrients: silicate, phosphate, ni- 
trate, nitrite 
STD Measurements 
1975 FDRAKE 75 Worth D. Nowlin, Jr. XBT Data Texas A&M University 
All Ships Arnold Gordon 
Richard Wearn 
1976 FDRAKE 76 Worth D. Nowlin, Jr. Hydrographic Measurements: Tem- Texas A&M University 
Thompson perature, salinity, oxygen Data Rpt. 78-D-1 
Legs | & Il Nutrients: Silicate, p: osphate, ni- 
trate, nitrite 
STD Measurements 
1976 FDRAKE 76 R. Dale Pillsbury Moored Array data: Currents, pres- Oregon State Univer- 
Thompson sure, temperature, tides Data Rpt. No. 68 
Legs | & Il Ref. 78-2, Mar. 78 
1976 FDRAKE 76 Terrence Joyce Hydrographic Measurements: Tem- Woods Hole Oceano- 
Thompson perature, salinity, oxygen graphic Institution 
Leg lil CTD Measurements 
1976 FDRAKE 76 Terrence Joyce/ Vertical Current Meter Woods Hole Oceano- 
Thompson William Zenk Profiling Current Meter graphic Institution 
Leg lil Temperature means from 
the; nistors 
1976 FORAKE 76 Terrence Joyce/ Nutrient Measurements Woods Hole Oceano- 
Thompson Louis Gordon graphic Institution 
Leg Ill 


Table 1. Status of ISOS Data (Continued) 


Year Expedition Principal Investigator Data Location of Data 
1976 FDRAKE 76 Gunnar Kullenberg Optical Measurements institute of Physical 
Oceanography, Univ 
Leg Ill of 
Denmark 

1976 FDRAKE 76 Steven Patterson Surface Measurements XBT Data Texas A&M University 
AGS Yeicho 

1976 FDRAKE 76 Worth D. Nowlin, Jr. XBT Data Texas A&M University 
Thompson 
Legs | & Il 

1976 FDRAKE 76 Terrence Joyce XBT Data Woods Hole Oceano- 
Thompson graphic Institution 
Leg ill 

1977 FDRAKE 77 Worth D. Nowlin, Jr. Hydrographic Measurements: Tem- Texas A&M University 
Melvill oo 

1977 FDRAKE 77 Worth D. Nowlin, Jr. XBT Data Texas A&M University 
Meville 

1977 FDRAKE 77 R. Dale Pillsbury Moored Array data: Currents pres- Oregon State 
Melville sure, temperature University 

1977 FDRAKE 77 Richard Wearn/ Pressure Recorder Data University of 
Melville D. James Baker, Jr. Washington 

1977 FDRAKE 77 Worth D. Nowlin, Jr. XBT Data Texas A&M University 
AGS Yeicho 

1977 FDRAKE 77 Richard Wearn/ Pressure Recorder Data University of 
AGS Yeicho D. James Baker, Jr. Washington 

1977 FDRAKE 77 R. Dale Pillsbury Moored Array Data: Currents tem- Oregon State 
AGS Yeicho perature, pressure University 

1977 Zubov Louis Gordon Hydrographic Measurements: Tem- Oregon State 

perature, salinity University 

1977 Zubov William J. Emery XBT Data University of British 

Columbia 

1977 XBT Program William J. Emery University of British 
Yelcho XBT Data and Surface Log Columbia 
Burton Isi XBT Data and Surface Log 
Hero XBT Data 
Northwind XBT Data and Surface Log 
Nella Dan XBT Data 
Thalla Dan XBT Data 

1978 RIDGE Harry Bryden Moored Array data: Currents, tem- Woods Hole Oceano- 
Tangaroa perature, pressure graphic Institution 

1978 RIDGE Stanley Hayes CTD Measurements Pacific Marine Environ- 
Tangaroa mental Lab. 

1978 Water Mass Re- Michael McCartney CTD Measurements Woods Hole Oceano- 
newal & Circula- graphic Institution 
tion Studies William Jenkins *H/*He Measurements Woods Hole Oceano- 
Knorr graphic Institution 

1978 RIDGE and Dy- Harry Bryden Moored Array data: Currents tem- Woods Hole Oceano- 
namics of Eddies ' graphic institution 
& interleaving of Thermistor Chain Data 
Water Masses Terrence Joyce CTD Measurements Woods Hole Oceano- 
Knon XBT Data graphic Institution 

1979 DRAKE 79 Worth D. Nowlin, Jr. Hydrographic Measurements: Tem- Texas A&M University 
Mevville perature, salinity, oxygen 

STD Measurements 

1979 DRAKE 79 R. Dale Pillsbury Moored Array data: Currents pres- (Array now in place) 

sure, temperature, tides 

1979 DRAKE 79 Richard Wearn/ Pressure Recorder Data (Meters now in place) 
MeWille D. James Baker, Jr. 

1979 DRAKE 79 Worth D. Nowlin, Jr. XBT Data Texas A&M University 
Melville 

1979 DRAKE 79 Worth D. Nowlin, Jr. Hydrographic Measurements: Tem- Texas A&M University 
AGS Yeicho perature and salinity 

1979 DRAKE 79 Worth D. Nowlin, Jr. XBT Data Texas A&M University 


AGS Yeicho 


6. International Cooperation within ISOS 


There have been many ISOS activities involving 
international cooperation. Representatives from Ar- 
gentina, Australia, Canada, Chile, Denmark, England, 
France, Japan, Norway, South Africa, USSR and West 
Germany have attended annual meetings of the ISOS 
Scientific Council. As a result of these meetings col- 
laboraton and data exchange between scientists from 
these countries and ISOS principal investigators have 
been arranged. Foreign participants have been in- 
volved in all ISOS cruises on US vessels, and ISOS 
investigators have cooperated in cruises of vessels op- 
eraied by Argentina, New Zealand, Chile and the 
USSR. A brief summary of international cooperation 
in ISOS field programs follows. 


International Cooperation in ISOS Field 
Programs 


1975. The principal area of cooperation between US 
and foreign scientists during 1975 was the field ex- 
periment FDRAKE 75. One of the ships used during 
FDRAKE 75 was the ARA Islas Orcadas of the Argen- 
tine Hydrographic Service. Scientists and technicians 
from the University of Washington, Texas A&M 
University, Instituto Antartico Argentino, Oregon 
State University and Universidad Catolcia de Valpa- 
raiso (Chile) were at sea from 10 January to 3 March 
1975 studying the physical and chemical properties 
of the Drake Passage and western Scotia Sea. 

Observers from the Instituto Hidgrografio de la 
Armada de Chile and Servicio de Hidrografico Naval 
de Argentina participated in the cruise of Melville in 
the Drake Passage and western Scotia Sea region from 
19 February to 31 March 1975. Observers from the 
Instituto Antartico Argentino worked on board R/V 
Conrad from 6 February to 13 March 1975. 


1976. Two ships operating out of Punta Arenas, Chile 
were used in FDRAKE 76: AGS Yelcho of the Chilean 
Navy and R/V Thomas G. Thompson of the University 
of Washington. The AGS Yelcho had scientists from 
both Chile and the USA aboard, with Hellmuth Siev- 
ers of the Chilean Hydrographic Institute and Steven 
Patterson of Texas A&M University acting as co-chief 
scientists. Observers from both Chile and Argentina 
were also aboard Thompson. In addition, W. Zenk of 
West Germany and Gunnar Kullenberg of Denmark 
were aboard Thompson for the Polar Front work dur- 
ing Leg III. Zenk made measurements of vertical ve- 
locities near the frontal zone. Kullenberg performed 
light scattering and transmission experiments. 


Near Livingston Island, R/V Thompson rendez- 
voused with the Soviet research vessel Professor Viese, 
which had been making current measurements and 
hydrographic/STD observations to the west of Thomp- 
son activities. At rendezvous salinity, oxygen and nu- 
trient standards were exchanged and simultaneous 
hydrographic and STD measurements were made for 
intercalibration. 


1977. Both Chilean and Argentine observers partic- 
ipated in the field work in Drake Passage during Jan- 

uary and February 1977 (FDRAKE 77). The Chilean 
naval vessel AGS Yelcho was used to recover the 1977 
current meter and pressure gauge array during De- 
cember 1977. The scientific team aboard Yelcho in- 
cluded personnel from the Instituto Hidrografico de 
la Armada de Chile, University of Washington, Texas 
A&M University and Oregon State University. 

The research vessel Professor Zubov, of the Arctic 
and Antarctic Research Institute of the USSR, was 
used for a 25-day USSR-USA cooperative cruise in 
the Southern Ocean south of Australia during Jan- 
uary-February 1977. William Emery of Texas A&M 
University and Steve Hagar and Sandy Moore of Or- 
egon State University participated in this cruise. Dur- 
ing the cruise another intercomparison of Soviet and 
USA analytical techniques for determination of sal- 
inity and nutrients was carried out. 

During the 1976-77 austral summer, the ISOS 
XBT survey program was initiated by William Emery 
of Texas A&M University. Mr. Hellmuth Sievers (In- 
stuituto Hidrografico de la Armada de Chile) and Mr. 
Robert Edwards (CSIRO, Australia) have cooperated 
in this project by supervising and taking of XBT data 
from the AGS Yelcho (Chile), Thalla Dan (Australia) 
and Nella Dan (Australia) as they were supplying Ant- 
arctic land stations. 


1978. During March-April, the R/V Tangaroa of New 
Zealand was used to deploy the RIDGE experiment 
current meter array south of New Zealand. rk 
is under the overall direction of Harry Bryden oi the 
Woods Hole Oceanographic Institution. 

Scientists from the Arctic and Antarctic Research 
Institute of the USSR, the Australian National Uni- 
versity and the New Zealand Oceanographic Institute 
participated in the ISOS RIDGE cruises aboard the 
R/V Knorr during November-December 1978. 

The Arctic and Antarctic Research Institute of the 
USSR invited the US (ISOS) scientists to participate 
in their POLEX-South activities south of Africa during 
December 1978-March 1979. 


Dr. Johann R. Lutjeharms of the National Research 
Institute for Oceanology, Republic of South Africa, 
participated in the ISOS XBT program during the 
austral summer of 1978-1979. He obtained his XBTs 
through the US FGGE office. 


1979. Scientists and technicians from the Argentine 
Antarctic Institute, Argenune Hydrographic Service 
and the Chilean Hydrographic Institute partuapated 
in DRAKE 79 operations aboard the R/V Melville. The 
Argentines supplied 3 acoustic releases and 10 current 
meters (as well as technical support) for use in the 
DRAKE 79 moored array program. The Chileans sup- 
plied personnel to aid in the DRAKE 79 hydrographic 
program. In addition, the Chilean Navy aided in all 
the logistic arrangements necessary for the success of 
the first phase of DRAKE 79. Included in these ar- 
rangements were the storage of all ISOS equipment 
in Chilean Naval warehouses and transportation of 
this equipment to/from the Melville. 

The AGS Yelcho of the Chilean Navy was used for 
the second operational phase of DRAKE 79 activities. 
During April-May 1979 a team of technicians from 
the Chilean Hydrographic Institute, supervised by a 
team of US ISOS personnel, made a hydrographic 
survey over the DRAKE 79 moored array (Fig. 9). 

The AGS Yelcho will also be used to make XBT 
measurements in the vicinity of the DRAKE 79 moo- 
red array during the early austral winter of 1979-1980. 


1980-1981. Once again, Argentina and Chile will 
participate in DRAKE 79 operations. 

The Chilean Hydrographic Institute has offered 
the use of the AGS Yelcho for ISOS-related work dur- 
ing 1980. 

The Argentine Hydrographic Service and Antarctic 
Institute plan to begin an investigation of the Scotia 
Arc area during 1980. They have invited ISOS sci- 
entists to participate. 

The R/V Tangaroa of New Zealand is scheduled to 
recover the site mooring at 49°23.5'S, 170°30.2'W and 
make hydrographic measurements in support of this 
area during the period 2-24 April 1980 as a part of 
RIDGE. 

The Arctic and Antarctic Research Institute of the 
USSR has plans for a multi-ship experiment south of 
Australia-New Zealand during 1980. ISOS investi- 
gators have been invited to participate in these cruises. 
The AARI also plans to support Arnold Gordon's 
Weddell Sea Polyna work during 1981. Tentative 
plans call for the use of the Somov. 


ISOS/POLEX-South 


During 1976 there was a US/USSR POLEX-ISOS 
meeting in Leningrad, USSR. Papers were presented 
which summarized the ongoing work in the ACC of 
both the POLEX-South and ISOS programs. Plans 
were made for future cooperative efforts between 
these groups. 


A second ISOS/POLEX-South meeting was held on 
13-15 June 1978 in Boston Massachusetts. At this 
meeting papers were presented by ISOS investigators 
and scientists from the Arctic and Antarctic Research 
Institute of the USSR. At this meeting four specific 
areas of further US-USSR cooperation in the South- 
ern Ocean were identified. These areas are: (1) US 
participation in the USSR field experiment in the re- 
gion south of Africa during the austral summer of 
1978-1979; (2) Cooperative US-USSR studies during 
the austral summer of 1979-1980 in the Drake Pas- 
sage, Scotia Sea and southeastern Pacific Ocean from 
US vessels and in the areas south of Australia from 
Soviet vessels; (3) Cooperative studies in the field of 
theoretical modeling of the Southern Ocean with ex- 
change of scientists to begin no earlier than the second 
half of 1979; and, (4) Cooperative studies of the Wed- 
dell Polyna, a large ice-free region which often de- 
velops near 10°W, 65°S in the austral winter. In 
addition, future plans call for the third ISOS/POLEX- 
South workshop to be held in Leningrad, USSR, dur- 
ing the spring of 1981. 


Other international Cooperation 


Scientsts and technicians from foreign countries 
also worked on ISOS related projects for varying pe- 
riods during 1977. A brief listing follows 


Alberto Piola and Raul Guerrero, Naval Hydro- 
graphic Service, Buenos Aires, Argentina, visiting 
Lamont-Doherty Geological Observatory, process- 
ing hydrographic data from Islas Orcadas Cruise 13/ 
14-77. 


Jose Gallo and Mario Marino, Antarctic Institute, 
Buenos Aires, Argentina, visiting Oregon State 
University, studying mooring and release technol- 
ogy and the processing of current meter data. 


Dr. Chris Fandry, Monash University, Melbourne, 
Australia, visiting Oregon State University for one 
year, analyzing current meter records from 
FDRAKE. 


Dr. George Cresswell, CSIRO, Cronulla, Australia, 
visiting Texas A&M University, studying ocean 
drifter data. 


Mr. Hellmuth Sievers, Naval Hydrographic Insti- 
tute, Valparaiso, Chile, visiting Texas A&M Uni- 
versity, studying XBT and hydrographic data from 
Drake Passage and near the Chilean coast. 


Jose Gallo and Claudio Bertollo visited Texas A&M 
University to reduce data from /slas Orcadas cruise 
09-76 during the 1976 austral winter. 


More detailed information concerning foreign co- 
operation with the ISOS program may be found in 
the ISOS International Newsletters. These newsletters 
are prepared by the ISOS International Coordinator, 
Dr. Victor T. Neal of Oregon State University, with 
assistance from W. D. Nowlin, Jr. and the staff of the 
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ISOS project office at Texas A&M University. They 
summarize ISOS activities and related work in the 
Southern Ocean. 

Dr. Neal and other members of the ISOS Scienufic 
Council have made a number of visits to foreign in- 
stitutions and participated in many international 


meetings for the purpose of expanding international 
cooperation with the program. 

As of the spring of 1979, Dr. Neal has stopped 
serving as the ISOS International Coordinator. His 
duties are now Deing handled by the ISOS Admin- 
istrative Office at Texas A&M University. 
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